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SUNFLOWER ANTI-PATFKJGENIC PROTEINS ~ ~ 

AND GENES AND THEIR USES 

FIELD OF THE INVENTION 
The invention relates to nucleotide sequences and proteins for anti- 
pathogenic agents and their uses, particularly the genetic manipulation of plant 
with genes that enhance disease resistance. Promoter sequences are also provided. 

5 

BACKGROUND OF THE INVENTION 
Plant diseases are often a serious limitation on agricultural productivity and 
have therefore influenced the history and development of agricultural practices. 
Only recently have Mendelian genes controlling disease resistance been isolated, 
10 and elucidation of their biochemical functions remains a major challenge. 

Plant disease outbreaks have resulted in catastrophic crop failures that have 
triggered famines and caused major social change. Generally, the best strategy for 
plant disease control is to use resistant cultivars selected or developed by plant 
breeders for this purpose. However, the potential for serious crop disease 
15 epidemics persists today, as evidenced by outbreaks of the Victoria blight of oats 
and southern corn leaf blight. 

Mendelian genetics of resistance to disease in plants is well known. 
Resistance is often controlled by a single gene, either dominant, semidominant, or 
recessive. In some instances, multigenes are involved. However, the biochemical 
20 mechanisms for gene products involved in plant resistance are known in only a few 
model cases. 

Among the causal agents of infectious diseases of crop plants, 
phytopathogenic fungi play the dominant role not only by causing devastating 
epidemics, but also through the less spectacular although persistent and significant 
25 annual crop yield losses that have made fungal pathogens a serious economic 
factor. All of the species of flowering plants are attacked by pathogenic fungi. 
Generally, however, a single plant species can be host to only a few fungal species, 
and similarly, most fungi have a limited host range. 

1 
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To colonize plants, fungal microorganisms have evolved strategies to 
invade plant tissue, to optimize growth in the plant, and to propagate. Bacteria and 
viruses, as well as some opportunistic fungal parasites, often depend on natural 
openings or wounds for invasion. In contrast, many true phytopathogenic fungi 
5 have evolved mechanisms to actively traverse the plant's outer structural barriers, 
the cuticle and the epidermal cell wall. To gain entrance, fungi generally secrete a 
cocktail of hydrolytic enzymes. 

Despite the large number of microorganisms capable of causing disease, 
most plants are resistant to any given pathogen. The defense mechanisms utilized 

10 by plants can take many different forms, ranging from passive mechanical or 

preformed chemical barriers, which provide non-specific protection against a wide 
range of organisms, to move more active host-specific responses that provide host- 
or varietal-specific resistance. Resistance (R) genes are effective against individual 
pathogen varieties. These genes have been employed in breeding programs upon 

15 discovery. 

A hypersensitive response (HR) that is elaborated in response to invasion 
by all classes of pathogens is the most common feature associated with active host 
resistance. In most cases, activation of the HR leads to the death of cells at the 
infection site, which results in the restriction of the pathogen to small areas 

20 immediately surrounding the initially infected cells. At the whole plant level, the 
HR is manifested as small necrotic lesions. The number of cells affected by the 
HR is only a small fraction of the total in the plant, so this response obviously 
contributes to the survival of plants undergoing pathogen attack. 

In plants, robust defense responses to invading phytopathogens often 

25 conform to a gene-for-gene relationship. Resistance to a pathogen is only observed 
when the pathogen carries a specific avirulence (avr) gene and the plant carries a 
corresponding resistance (R) gene. Because avr-R gene-for-gene relationships are 
observed in many plant-pathogens systems and are accompanied by a characteristic 
set of defense responses, a common molecular mechanism avr-R gene mediated 

30 resistance has been postulated. Thus, disease resistance results from the expression 
of a resistance gene in the plant and a corresponding avirulence gene in the 
pathogen and is often associated with the rapid, localized cell death of the 
hypersensitive response. R genes that respond to specific bacteria, fungal, or viral 
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pathogens have been isolated from a variety of plant species and several appear to 
encode cytoplasmic proteins. It has been unclear how such proteins could 
recognize an extracellular pathogen. Many strategies for plant disease control have 
been attempted. Resistant cultivars has been selected or developed by plant 
5 breeders for disease control. Resistance is especially important for major crops 
such as the cereals, sugar cane, potato, and soybean. The limitation in use of 
disease resistance in modern agriculture is adaptability by pathogens to overcome 
resistance. 

The development of new strategies to control diseases is the primary 
1 0 purpose of research on plant/pathogen interactions. These include, for example, 
the identification of essential pathogen virulence factors and the development of 
means to block them, or the transfer of resistance genes into crop plants from 
unrelated species. An additional benefit is a better understanding of the physiology 
of the healthy plant through a study of the metabolic disturbances caused by plant 
15 pathogens. 

SUMMARY OF THE INVENTION 
Anti-pathogenic compositions and methods for their use are provided. The 
compositions comprise anti-pathogenic proteins and their corresponding genes and 
20 regulatory regions. Particularly, sunflower PR5-1 , defensin, and berberine bridge 
enzyme (BBE) homologues, and fragments and variants thereof, are provided. 

The compositions are useful in protecting a plant from invading pathogenic 
organisms. One method involves stably transforming a plant with a nucleotide 
sequence of the invention to engineer broad spectrum disease resistance in the 
25 plant. The nucleotide sequences will be expressed from a promoter capable of 
driving expression of a gene in a plant cell. A second method involves controlling 
plant pathogens by applying an effective amount of an anti-pathogenic protein or 
composition of the invention to the environment of the pathogens. Additionally, 
the nucleotide sequences of the invention are useful as genetic markers in disease 
30 resistance breeding programs. 

Promoters of the genes of the invention find use as disease or pathogen- 
inducible promoters. Such promoters may be used to express other coding regions, 
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particularly other anti-pathogenic genes, including disease and insect resistance 
genes. 

The compositions of the invention additionally find use in agricultural and 
pharmaceutical compositions as antifungal and antimicrobial agents. For 
5 agricultural purposes, the compositions may be used in sprays for control of plant 
disease. As pharmaceutical compositions, the agents are useful for antibacterial 
and antimicrobial treatments. 

The methods of the invention find use in controlling pests, including fungal 
pathogens, viruses, nematodes, insects, and the like. Transformed plants, plant 
10 cells, plant tissues, and seeds, as well as methods for making such transformed 
compositions are additionally provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 depicts the cDNA cloning strategy. (I) Sunflower cDNA libraries 
1 5 were directionally constructed into pBluescript phagemid using a ZAP-cDNA 
synthesis kit from Stratagene; (II) oligonucleotide primers (PI and P3) were used 
to amplify the 5' end of a target gene by a rapid amplification of cDNA ends 
(RACE) method. PCR and the 3' end of the gene were amplified with P2 and P4 
primers; (III) P5 primer was designed at the putative start codon (ATG) or 
20 upstream the start codon in order to clone full-length cDNA; (IV) the full-length 
cDNA of the target gene were amplified by PCR with P5 and P4 primers; and (V) 
the expected full-length cDNA was inserted into TA vector (Invitrogen) for 
sequencing. Shaded areas represent cloned regions. 

Figure 2 depicts an alignment of the amino acid sequence of PR5-1 (SEQ 
25 ID: 1 3) from sunflower with other PR5 or osmatin-like proteins from grape, (Swiss- 
Prot Accession Nos. P9362 1 , SEQ ID: 1 0; and 004708, SEQ ID: 1 1 ); soybean, 
(Swiss-Prot Accession No. P25096, SEQ ID: 12); tomato, (Swiss-Prot Accession 
No. Q01591, SEQ ID: 14); and potato, (Swiss-Prot Accession No. P50701, SEQ 
ID: 15). A star indicates that the amino acid at that position is conserved for all 
30 aligned sequences, and a dash denotes gaps in alignment. 

Figure 3 depicts an alignment of the amino acid sequence of a BBE (SEQ 
ID:20) from sunflower with other BBE homologues and two possible sunflower 
carbohydrate oxidases. Sunflower-15 (SEQ ID:17) and -19 (SEQ ID:16) 
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sequences were reported in WO 98/13478. Other BBE homologues include a 
reticuline oxidase precursor from California poppy, {Swiss-Prot Accession No. 
P30986, SEQ ID: 1 9) and a BBE from opium poppy, (Swiss-Prot Accession No. 
P93479, SEQID:18). 
5 Figure 4 depicts an alignment of the amino acid sequence of a sunflower 

defensin (SEQ ID:24)with other antifungal defensins from garden pea (Swiss-Prot 
Accession No. Q01784, SEQ ID:25), white mustard (Swiss-Prot Accession No. 
P30231, SEQ ID:22), radish (Swiss-Prot Accession No. P30230, SEQ ID:21) and 
Arabidopsis (Swiss-Prot Accession No. P30224, SEQ ID:23). 

10 

DETAILED DESCRIPTION OF THE INVENTION 
Compositions and methods for controlling pathogenic agents are provided. 
The anti-pathogenic compositions comprise sunflower genes, including their 
promoters, and proteins. Particularly, the sunflower genes and proteins are 

15 selected from PR5-1, defensin, and berberine bridge enzyme (BBE). Accordingly, 
the methods are also useful in protecting plants against fungal pathogens, viruses, 
nematodes, insects and the like. Additionally, the compositions can be used in 
formulation use for their antimicrobial activities. 

Additionally, the present invention provides for isolated nucleic acid 

20 molecules comprising nucleotide sequences for plant promoters shown in SEQ 
ID:7, SEQ ID:8, and SEQ ID:9; for nucleotide sequences encoding the amino acid 
sequences shown in SEQ ID:1, SEQ ID:2, and SEQ ID:3; the nucleic acid 
molecules deposited in a bacterial host as Patent Deposit Nos. PTA-67, PTA-73, 
PTA-75, respectively; and the nucleic acid molecule deposited as Patent Deposit 

25 No* PTA-560 which comprises the nucleotide sequence shown in SEQ ID:9, 
Further provided are polypeptides having an amino acid sequence encoded by a 
nucleic acid molecule described herein, for example those set forth in SEQ ID;4. 
SEQ ID:5, and SEQ ID:6 those deposited as Patent Deposit Nos. PTA-67, PTA-73, 
PTA-75, respectively, and fragments and variants thereof. 

30 Plasmids containing the promoter sequences and gene nucleotide sequences 

of the invention were deposited with the Patent Depository of the American Type 
Culture Collection, Manassas, Virginia. The following plasmids were deposited: 
May 13, 1999, pHp 15383 containing BBE cDNA; May 13, 1999, pHp 15384 
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containing BBE promoter sequence; May 13, 1999. pHp 15385 containing 
defensin cDNA; August 31, 1999, pHp 16125 containing deferisin promoter 
sequence; May 13, 1999, pHp 15395 containing PR5-1 promoter sequences; and 
May 14, 1999, pHp 15393 containing PR5-1 cDNA; and assigned Patent Deposit 
5 Nos. PTA-73, PTA-74, PTA-75, PTA-560, PTA-76, PTA-67, respectively. These 
deposits will be maintained under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms for the Purposes of 
Patent Procedure. These deposits were made merely as a convenience for those of 
skill in the zrx and are not an admission that a deposit is required under 35 U.S.C. 
10 §112. 

As indicated, the sequences of the invention find use as antifungal agents. 
Thus, the genes can be used to engineer plants for broad spectrum disease 
resistance. In this manner, the sequences can be used alone or in combination with 
each other and/or with other known disease resistance genes. 
15 Additionally, the sequences can be used as markers in studying defense 

signal pathways and in disease resistance breeding programs. The sequences can 
also be used as baits to isolate other signaling components in defense/resistance 
responsiveness and to isolate the corresponding promoter. See, generally, 
Sambrook et al (1989) Molecular Cloning: A Laboratory Manual (2d ed.), Cold 
20 Spring Harbor Laboratory Press, Plainview, New York. 

The invention encompasses isolated or substantially purified nucleic acid or 
protein compositions. An "isolated" or "purified 1 ' nucleic acid molecule or protein, 
or biologically active portion thereof, is substantially free of other cellular material, 
or culture medium when produced by recombinant techniques, or substantially free 
25 of chemical precursors or other chemicals when chemically synthesized. 

Preferably, an "isolated" nucleic acid is free of sequences that naturally flank the 
nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid is derived. For 
example, in various embodiments, the isolated nucleic acid molecule can contain 
30 less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb ? 0.5 kb, or 0.1 kb of nucleotide 

sequences that naturally flank the nucleic acid molecule in genomic DNA of the 
cell from which the nucleic acid is derived. A protein that is substantially free of 
cellular material includes preparations of protein having less than about 30%, 20%, 
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10%, 5%, (by dry weight) of contaminating protein. When the protein of the 
invention or biologically active portion thereof is recombinantly produced, 
preferably, culture medium represents less than about 30%, 20%, 10%, or 5% (by 
dry weight) of chemical precursors or non-protein of interest chemicals. 
5 By "anti-pathogenic compositions" is intended that the compositions of the 

invention are capable of suppressing, controlling, and/or killing the invading 
pathogenic organism. 

By "disease resistance" is intended that the plants avoid the disease 
symptoms that are the outcome of nlant-pathogen interactions. That is, pathogens 

10 are prevented from causing plant diseases and the associated disease symptoms. 
The methods of the invention can be utilized to protect plants from disease, 
particularly those diseases that are caused by plant pathogens. 

The compositions of the invention include isolated nucleic acid molecules 
comprising the promoter nucleotide sequences set forth in SEQ ID:7, SEQ ID;8 

15 and SEQ ID:9. By "promoter" is intended a regulatory region of DNA usually 
comprising a TATA box capable of directing RNA polymerase II to initiate RNA 
synthesis at the appropriate transcription initiation site for a particular coding 
sequence. A promoter may additionally comprise other recognition sequences 
generally positioned upstream or 5' to the TATA box, referred to as upstream 

20 promoter elements, which influence the transcription initiation rate. It is 

recognized that having identified the nucleotide sequences for the promoter regions 
disclosed herein, it is within the state of the art to isolate and identify further 
regulatory elements in the 5' untranslated region upstream from the particular 
promoter regions identified herein. Thus, for example, the promoter regions 

25 disclosed herein may further comprise upstream regulatory elements that confer 
tissue-preferred expression of any heterologous nucleotide sequence operably 
linked to one of the disclosed promoter sequences. See particularly Australian 
Patent No. AU-A-77751/94 and U.S. Patent Nos. 5,466,785 and 5,635,618. 
Generally with the promoter sequences of the invention, the pattern of expression 

30 will be inducible. 

The inducible promoter sequences of the present invention, when 
assembled within a DNA construct such that the promoter is operably linked to a 
nucleotide sequence of interest, enable expression of the nucleotide sequences in 

7 
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the cells of a plant stably transformed with this DNA construct. The nucleotide 
sequence of interest encompasses both homologous and heterologous sequences. 
By "heterologous nucleotide sequence" is intended a sequence that is not naturally 
occurring with the promoter sequence. While this nucleotide sequence is 
5 heterologous to the promoter sequence, it may be homologous, or native, or 
heterologous, or foreign, to the plant host. Choice of the promoter sequence will 
determine when and where within the organism the heterologous nucleotide 
sequence is expressed. Where gene expression in response to a stimulus is desired, 
an inducible promoter of the invention is the regulatory element of choice. When 
10 using an inducible promoter, expression of the nucleotide sequence is initiated in 
cells in response to a stimulus. By ''stimulus" is intended a chemical, which may 
be applied externally or may accumulate in response to another external stimulus; a 
pathogen, which may, for example, induce expression as a result of invading a 
plant cell; or other factor such as environmental stresses, including but not limited 
1 5 to, drought, temperature, and salinity. 

Compositions of the invention also include the nucleotide sequences for 
three sunflower genes: a sunflower PR5 homologue as set forth in SEQ ID:4; a 
sunflower defensin homologue as set forth in SEQ ID:6; and, a sunflower BBE 
homologue as set forth in SEQ ID:5, and the corresponding amino acid sequences 
20 for the proteins encoded thereby as set forth in SEQ ID: 1 , SEQ ID:3 and SEQ 

ID:2, respectively. These gene sequences may be assembled into a DNA construct 
such that the gene is operably linked to a promoter that drives expression of a 
coding sequence in a plant cell. Plants stably transformed with this DNA construct 
express, either in a constitutive or inducible manner, a protein of the invention. 
25 Expression of this protein creates or enhances disease resistance in the transformed 
plant. 

BBE [9S0-reticuline:oxygen oxidoreductase (methylene-bridge-forming), 
EC 1.5.3.9] is a covalently flavinylated oxidase that is a key enzyme in 
benzophenanthridine alkaloid biosynthesis in plants (Kutchan et al. (1995) 7. Biol. 
30 Chem. 270:24475-2448 1 ; Blechert et al (1 995) Proc. Natl. Acad. Set USA 
92:4099-4105; Dittnch et al (1991) Proc. Natl Acad. Scl USA 55:9969-9973; 
Chou et al { 1998) Plant 1 75:289-300). Members of the alkaloid family are 
known to have potent pharmacological activities. Berberine, for example, is 

8 
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currently used as an antibacterial treatment for eye infections in Europe and for 
intestinal infections in the far East. The benzophenanthridine alkaloid, 
sanguimarine, is an antimicrobial used in the treatment of peridontal disease in 
both the United States and Europe (Kutchan et al (1 995) J. Biol Chem. 
5 270:24475-24481 ). In addition, BBE has wxi-Phytophthora and nnix-Pythium 
activity, as well as carbohydrate oxidase activity (WO 98/13478). The BBE- 
transgenic plants of the invention have enhanced resistance to pathogens. BBE and 
several other enzymes in the defense pathway are induced by elicitors. See for 
example Blechert et al (1995) Proc Natl. Acad. Sci. USA 92:4099-4105; Dittrich 
10 et al (1991) Proc. Natl Acad. Sci. USA 55:9969-9973. 

A sunflower BBE is disclosed that is regulated by oxalate oxidase (oxox) 
expression and Sclerotinia infection. The cDNA (SEQ ID:5) and promoter (SEQ 
ID:8) sequences of sunflower BBE are provided. In addition, expression of this 
BBE in sunflower was up-regulated by oxalic acid, H2C>2> salicylic acid (SA) and 
15 jasmonic acid (JA). 

Patho^enesis-related protein-5 (PR5) is one of the 9 classes of PR proteins. 
PR5 shares sequence similarity with osmotin, thaumatin, and zeamatin proteins 
(Hu et al (1997) Plant Moi Biol 54:949-959; Ryals et al (1996) Plant Cell 
5:1809-1819). PR5 proteins have been characterized from a wide range of plant 
20 species in both dicotyledonous and monocotyledonous plants. Although the 
biological function of PR5 proteins has yet to be established, members of this 
group have been shown to have antifungal activities against a broad range of 
fungal pathogens (Hu et al (1997) Plant MoL Biol 54:949-959; Ryals et al (1996) 
P/a«rCe//S:1809-1819);Liu et al. (1994) Proc. Natl Acad. Sci. 97:1888- 
25 1892; Liu ^a/. (1995) Plant Mol Bio!. 2P:101 5-1026; Zhu et al (1995) Plant 
Physiol 108:929-937). In Arabidowsis. the induction of PR5 is SA-dependent. 
The sunflower PR5-1 gene disclosed herein was regulated by oxox expression and 
Sclerotinia-'mkcXion The sunflower PR5-1 promoter contains potential pathogen- 
responsive m-elements, such as an MRE (MYB recognition element). 
30 Defensins are one class among the numerous types of Cys-rich 

antimicrobial polypeptides, which differ in length, number of cysteine bonds, or 
folding pattern (Bomann, H.G. (1995) Annu. Rev. Immunol /J:6 1-92). Like 
cecropins, insect defcnsins are produced in a pathogen-inducible manner by the 
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insect fat body and secreted in the hemolymph (Huffmann et al (1992) Immunol. 
Today 13:41 1-415). Mammalian defensins are produced by various specialized 
cells in the mammalian body (Lehrer et al (1993) Anntt. Rev, Immunol. 77:105- 
128; Ganz et al. (1994) Curr. Opin. Immunol. (5:584-589). The structural and 
5 functional properties of plant defensins resemble those of insect and mammalian 
defensins (Terras et al (1995) Plant Cell 7:573-588; Broekaer et al (1995) Plant 
Physiol 705:1353-1358). Plant defensins inhibit the growth of a broad range of 
fungi at micromolar concentrations by inhibiting hyphal elongation or inhibiting 
hyphal extension (Broekaer et al. (1 995) Plant Physiol 705:1353-1358). 

10 Plant defensins are important components of the defense system in plants. 

They are located at the periphery of different organs and are induced by pathogens. 
A sunflower cDN A was isolated that encodes a defensin peptide (SEQ ID:6). This 
defensin gene was up regulated by Sclerotinia infection, oxox expression, oxalic 
acid, H2O2 and SA as well as jasmonic acid. In general, plant defensin genes such 

15 as Arabidopsis PDF1 .2 and a radish defensin are induced by pathogens via an SA- 
independent and JA-dependent pathway (Thomma et al.) Proc. Natl Acad. Set. 
USA 95:15107-15111; Terras et ai (1 995) Plant Cell 7:573-588; Terra etal 
(1988) Planu 206:1 1 7-124). The sunfbwer defensin gene appears to be the only 
defensin thai is regulated via a SA-dependem pathway. The sunflower defensin 

20 promoter contains potential pathogen responsive cis-elements, such as W-boxes 
and G-boxes. 

The proteins of the invention may be altered in various ways including 
amino acid substitutions, deletions, truncations, and insertions. Methods for such 
manipulations are generally known in the art. For example, amino acid sequence 

25 variants of the proteins can be prepared by mutations in the DNA. Methods for 
mutagenesis and nucleotide sequence alterations are well-known in the art. See, 
for example, Kunkel, T. (1985) Proc Natl Acad. Scl USA 52:488-492; Kunkel et 
al (1987) Methods in Enzymol 754:367-382; U.S. Patent No. 4,873,192; Walker 
etal (19831 (eds.) Techniques in Molecular Biology, MacMillan Publishing 

30 Company, NY and the references cited therein. Thus, the genes and nucleotide 
sequences of the invention include both the naturally occurring sequences as well 
as mutant forms. Likewise, the proteins of the invention encompass both naturally 
occurring proteins as well as variations and modified forms thereof. Such variants 

10 
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will continue to possess the desired defense activation activity. Obviously, the 
mutations that will be made in the DNA encoding the variant must not place the 
sequence out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure. See, for example, EP 
5 Patent Application Publication No. 75,444. 

Fragments and variants of these native nucleotide and amino acid 
sequences are also encompassed by the present invention. By "fragment" is 
intended a portion of the nucleotide or amino acid sequence. Fragments of a 
promoter nucleotide sequence may retain their regulatory activity. Thus, for 
10 example, less than the entire promoter sequences disclosed herein may be utilized 
to drive expression of an operably linked nucleotide sequence of interest, such as a 
nucleotide sequence encoding a heterologous protein. It is within skill in the art to 
determine whether such fragments decrease expression levels or alter the nature of 
expression, i.e., and constitutive or inducible expression. Alternatively, fragments 

15 of a promoter nucleotide sequence that are useful as hybridization probes, such as 
described below, generally do not retain this regulatory activity. 

Nucleic acid molecules that are fragments of a promoter nucleotide 
sequence comprise at least 15, 20, 25. 30, 35, 40, 45, 50, 75, 100, 325, 350, 375, 
400, 425, 450, or 500 nucleotides, or m to the number of nucleotides present in the 

20 full-length oromoter nucleotide sequence set forth in SEQ ID: 7, 8, and 9. 

Fragments of a promoter sequence that retain their regulatory activity comprise at 
least 30, 35. 40 contiguous nucleotides, preferably at least 50 contiguous 
nucleotides, more preferably at least 75 contiguous nucleotides, still more 
preferably at least 100 contiguous nucleotides of the particular promoter nucleotide 

25 sequence disclosed herein. Preferred fragment lengths depend upon the objective 
and will also vary depending upon the particular promoter sequence. 

The nucleotides of such fragments will usually comprise the TATA 
recognition sequence of the particular promoter sequence. Such fragments may be 
obtained by use of restriction enzymes to cleave the naturally occurring promoter 

30 nucleotide seouence disclosed herein; by synthesizing a nucleotide sequence from 
the natural! 1 / occurring sequence of the promoter DNA sequence; or may be 
obtained through the use of PCR technology. See particularly, Mullis et al (1987) 
Methods EnzymoL 755:335-350, and Erhch, ed. (1989) PCR Technology (Stockton 
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Press, New York). Variants of these promoter fragments, such as those resulting 
from sfte^iirected mutagenesis, are also encompassed by the compositions of the 
present inversion. 

With respect to the antipathogenic nucleotide sequences, fragments of a 
5 nucleotide sequence may encode protein fragments that retain the biological 

activity of the native proteins, i.e.. the sequences set forth in SEQ IDS 1,2, and 3, 
and hence enhance disease resistance when expressed in a plant. Alternatively, 
fragments of? coding nucleotide sequence that is useful as hybridization probes 
generally do not encode fragment proteins retaining biological activity. Thus, 

10 fragments of ?. nucleotide sequence may range from at least about 20 nucleotides, 
about 50 nucleotides, about 100 nucleotides, and up to the entire nucleotide 
sequence encoding the proteins of the invention. 

A fragment of an antipathogenic nucleotide sequence that encodes a 
biologically active portion of a protein of the invention will encode at least 15, 25, 

15 30, 40, 50, 7 5, 100, or 150 contiguous amino acids, or up to the total number of 
amino acids oresent in a full-length orotein of the invention. Fragments of a 
nucleotide sequence of the invention thai are useful as hybridization probes for 
PCR primers generally need not encode ?. biologically active portion of a protein. 
A biologically active portion of a protein of the invention can be prepared 

20 by isolating a portion of one of the nucleotide sequences of the invention, 

expressing the encoded portion of the protein (e.g., by recombinant expression /;/ 
vitro), and assessing the activity of the encoded portion of the protein of interest. 
Nucleic acid molecules that are fragments of a nucleotide sequence of the 
invention comprise at least 15. 20. 50, 75, 100, 325, 350, 375, 400, 425, 450, 500, 

25 550, 600, 650. 700, or 800 nucleotide?., or up to the number of nucleotides present 
in a full-lensth sunflower homoioeue nucleotide sequence disclosed herein. 

By "variants" is intended substantially similar sequences. For nucleotide 
sequences, conservative variants include those sequences that, because of the 
degeneracy of the genetic code, encode the amino acid sequence of one of the 

30 antipathogenic polypeptides of the invention. Naturally occurring allelic variants 
such as these can be identified with the use of well-known molecular biology 
techniques, as, for example, with polymerase chain reaction (PCR) and 
hybridization techniques ss outlined below. Variant nucleotide sequences also 
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include synthetically derived nucleotide sequences, such as those generated, for 
example, by using site-directed mutagenesis but which still encode an 
antipathogemc protein of the invention. Generally, variants of a particular 
nucleotide sequence of the invention will have at least 40%, 50%, 60%, 70%, 
5 generally at least 75%, 80%, 85% ; 87%, preferably about 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, and more preferably about 98%, 99% or more sequence 
identity to that particular nucleotide sequence as determined by sequence 
alignment programs described elsewhere herein using default parameters. 

By "variant" nrotein is intended a protein derived from the native protein 

10 by deletion 'so-called truncation) or addition of one or more amino acids to the N- 
terminal and/or C-terminal end of the native protein; deletion or addition of one or 
more amino ^eids at one or more sites in the native protein; or substitution of one 
or more amino acids at one or more sires in the native protein. Variant proteins 
encompassed by the present invention are biologically active, that is they continue 

15 to possess the desired biological activity of the native protein, that is, the defense 
activation activity as described herein Such variants may result from, for example, 
genetic polymorphism or from human manipulation. Biologically active variants of 
a native anr.psxhogenic protein of the in vention will have at least 40%, 50%, 60%, 
70%, generally at least 75% : 80%, 85%, preferably about 90% to 95% or more, 

20 and more preferably about 98% or more sequence identity to the amino acid 
sequence for the native protein as determined by sequence alignment programs 
described elsewhere herein using default oarameters. A biologically active variant 
of a protein of the invention may differ from that protein by as few as 1-15 amino 
acid residues, as few as 1-10, such as 6-10, as few as 5, as few as 4, 3, 2, or even 1 

25 amino acid residue. 

The proteins of the invention may be altered in various ways including 
amino acid substitutions, deletions, truncations, and insertions. Methods for such 
manipulation? are generally known in the art. For example, amino acid sequence 
variants of the antipathogenic proteins can be prepared by mutations in the DNA. 

30 Methods for mutagenesis and nucleotide sequence alterations are well known in 
the art. See. for example, Kuakel ( : 9S5) Proc. Natl Acad. ScL USA 52:488-492; 
Kunkel et ai. \ 1987) Methods in Enzymol. 754:367-382; US Patent No. 4,873,192; 
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Walker and Gaastra (eds.) Techniques in Molecular Biology, MacMillan 
Publishing Company, NY (1983) and the references cited therein. 

Thus, the promoters and gene nucleotide sequences of the invention include 
both the naturally occurring sequences as well as mutant forms. Likewise, the 
5 proteins of the invention encompass both naturally occurring proteins as well as 
variations and modified forms thereof Such variants will continue to possess the 
desired promoter activity or antipathogenic defense protein activity. Obviously, 
the mutations that will be made in the DNA encoding a variant protein must not 
place the sequence out of reading frame and preferably will not create 

10 complementary regions that could produce secondary mRNA structure. See, for 
example, FP Patent Application Publication No. 75,444. 

In this manner, the present invention encompasses the antipathogenic 
proteins as w^U as components and fragments thereof. That is, it is recognized that 
component polypeptides or fragments of the proteins may be produced which 

15 retain antipathogenic protein activ T y that enhances disease resistance in a plant. 
These fragments include tnmcated seauences, as well as N-terminal, C-terminal, 
internal and in; ernaily deleted amir o acrid sequences of the proteins. 

The deletions, insertions, and substitutions of the protein sequences 
encompassed herein are not exnected to produce radical changes in the 

20 characteristics of the antipathogenic oroteins. However, when it is difficult to 
predict the exact effect of the substitution, deletion, or insertion in advance of 
doing so, on? skilled in the art will appreciate that the effect will be evaluated by 
routine screening assays. That is, the activity of the modified protein sequences 
can be evaluated by monitoring of the plant defense system. See, for example U.S. 

25 Patent No. 5.614,395, herein incorporated by reference. 

The nucleotide sequences of the invention can be used to isolate 
corresponding sequences from other organisms, particularly other plants, more 
particularly other monocots. In thi? manner, methods such as PCR, hybridization, 
and the like can be used to identify such sequences based on their sequence 

30 homology vo the seouences set forh herein. Sequences isolated based on their 
sequence identity to the entire antipathogenic sequences set forth herein or to 
fragments thereof are encompassed by the present invention. 
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In a PCR approach, oligonucleotide primers can be designed for use in PCR 
reactions to amplify corresponding DNA sequences from cDNA or genomic DNA 
extracted from any plant of interest. Methods for designing PCR primers and PCR 
cloning are generally known in the art and are disclosed in Sambrook et aL (1989) 
5 Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory 
Press, Plainview. New York). See also Irmis et aL, eds. (1990) PCR Protocols: A 
Guide to Methods and Applications ( Academic Press, New York); Innis and 
Gelfand, eds. [\995 \ PCR Strategies • Academic Press, New York); and Innis and 
Gelfand, eds. { ' 999) PCR Methods Carnal (Academic Press, New York). Known 

10 methods of PCR include, but are no: limited to, methods using paired primers, 

nested primers, single specific primers, degenerate primers, gene-specific primers, 
vector-specific primers, partially-mismatched primers, and the like. 

In hybridization techniGues. £11 or oart of a known nucleotide sequence is 
used as a probe that selectively hybridizes to other corresponding nucleotide 

15 sequences present in i population of cloned genomic DNA fragments or cDNA 
fragments <■. c. gnomic or cDNA /cranes) from a chosen organism. The 
hybridization probes may be genomic DNA fragments, cDNA fragments, RNA 
fragments, cr other oligonucleotides : and may be labeled with a detectable group 
such as 32 P. or any other detectable marker Thus, for example, probes for 

20 hybridization can be made by labeling synthetic oligonucleotides based on the 
antipatho genie sequences of the invention. Methods for preparation of probes for 
hybridization and for construction ofcDNA and genomic libraries are generally 
known in the art and are disclosed : Sambrook et al (1989) Molecular Cloning: A 
Laboratory Manual (2d ed.. Cold Spring Harbor Laboratory Press, Plainview, New 

25 York). 

For example, the entire antipathogenic sequence disclosed herein, or one or 
more portions thereof, may be used as a probe capable of specifically hybridizing 
to corresponding antipathogenic sequence or messenger RNAs. Additionally, the 
promoter sequences described herei?;, or one or more portions thereof, may be used 
30 a as a prob- capable of hybridizing *u corresponding promoter sequences. 

To achieve specific hybridation under a variety of conditions, such probes 
include sequences that are unique among antipathogenic sequences or promoter 
sequence and are preferably at least about 10 nucleotides in length, and most 
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preferably a east about 20 nucleotides \n length. Such probes may be used to 
amplify corresponding antipathogerir sequences or promoter sequences from a 
chosen plant by PGR. This technique may be used to isolate additional coding 
sequences from a desired plant or as a diagnostic assay to determine the presence 
5 of coding sequences in a plant. Hybridization techniques include hybridization 
screening of plated DNA libraries (either plaques or colonies; see, for example, 
Sambrook er al (1989) Molecular Cloning: A Laboratory Manual (2d ed., Cold 
Spring Harber Laboratory Press. ?l?. : -\vie\Y, New York). 

Hyb^di^r'en of such seqi:er*r:es may be carried out under stringent 
10 conditions. Py "stringent condition* 1 ' or ''stringent hybridization conditions" is 
intended conditions under which a probs will hybridize to its target sequence to a 
detectably greater degree than to other seouences (e.g., at least 2-fold over 
background). Stringent conditions are sequence-dependent and will be different in 
different circumstances. By controlling the stringency of the hybridization and/or 

15 washing conditions, target sequencer that are 1 00% complementary to the probe 
can be ide^'red (homologous prolvns). Alternatively, stringency conditions can 
be adjusted :^ allow some mismatching in sequences so that lower degrees of 
similarity are detected (heterologous probing). Generally, a probe is less than 
about 1000 nucleotides in length, preferably less than 500 nucleotides in length. 

20 Typically, stringent conditions will be those in which the salt concentration 

is less than about 1 .5 M Na ion, typically about 0.01 to 1 .0 M Na ion concentration 
(or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short 
probes (e.g 10 to 50 nucleotides) -rrd at hast about 60°C for long probes (e.g., 
greater than 50 nucleotides). Stringent conditions may also be achieved with the 

25 addition of destabilizing agents such as formamide. Exemplary low stringency 
conditions include hybridization with a buffer solution of 30 to 35% formamide, 1 
M NaCl, 1 % SDS (sodium dodecy! sulphate) at 37°C and a wash in IX to 2X SSC 
(20X SSC = 3.0 M NaCl/0.3 M tnsodium citrate) at 50 to 55°C. Exemplary 
moderate stringency conditions inchide hybridization in 40 to 45% formamide, 1.0 

30 M Nad 1 % SDS at 37°C\ and a wa?n in 0.5X to IX SSC at 55 to 60°C. 

Exemplar^ r.igh stringency conditions include hybridization in 50% formamide, 1 
M NaCL ] % SDS at 37°C ; and a wash in 0.1X SSC at 60 to 65°C. Duration of 
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hybridization is generally less than about 24 hours, usually about 4 to about 12 
hours. 

Specificity is typically the function of post-hybridization washes, the 
critical factors being the ionic stren gth and temperature of the final wash solution. 
5 For DNA-DNA hybrids, the T m can be approximated from the equation of 

Meinkoth and Wahl (1984) Anal. Bicchem. 755:267-284: = 8L5°C + 16.6 (log 
M) + 0.41 (%GC) - 0.61 (% form) - 500/L; where M is the molarity of monovalent 
cations, %GC is rhe percentage of guanosine and cytosine nucleotides in the DNA, 
% form is the percentage of formamide in the hybridization solution, and L is the 
10 length of the hybrid in base pairs. The is the temperature (under defined ionic 
strength and pH) at which 50% of p. complementary target sequence hybridizes to a 
perfectly matched probe. T m is reduced by about 1°C for each 1% of mismatching; 
thus, T m , hybridization, and/or wash conditions can be adjusted to hybridize to 
sequences of the desired identity. For example, if sequences with >90% identity 
15 are sought, rhe T n can be decreased 10°C Generally, stringent conditions are 

selected to he about 5°C lower than the thermal melting point (T m ) for the specific 
sequence and its complement at a defined ionic strength and pH. However, 
severely strident conditions can utilize a hybridization and/or wash at 1,2, 3, or 
4°C lower than the thermal melrin? point (Tm); moderately stringent conditions can 
20 utilize a hybridization and/or wash k 6. 7 , 8. 9, or 10°C lower than the thermal 
melting point (T n ); low stringency conditions can utilize a hybridization and/or 
wash at 1 1 , 1 2, 1 3, 1 4, 1 5, or 20°C lower than the thermal melting point (T m ). 
Using the equation, hybridization and wash compositions, and desired T m , those of 
ordinary skill will understand that variations in the stringency of hybridization 
25 and/or wash solutions are inherently described. If the desired degree of 
mismatching results in a T m of less rhan 45°C (aqueous solution) or 32°C 
(formamide solution), it is preferred to increase the SSC concentration so that a 
higher temperature can be used. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993) Laboratory* Techniques in Biochemistry and 
30 Molecular 3 ic!og)>— Hybridization Nucleic Acid Probes, Part I, Chapter 2 
(Elsevier, New York); and Ausubef ?t al, eds. (3 995) Current Protocols in 
Molecular Biology, Chaoter 2 (Ga-sn? Publishing; and Wiley-Interscience, New 
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York). See Sambrook ei al. (1989 » Molecular Cloning: A Laboratory Manual (2d 
ed.. Cold Spring Harbor Laboratory Press, Plain view, New York). ~ 

Thus, isolated sequences mat either have promoter activity or encode for a 
antipathogenic protein and which hybridize under stringent conditions to the 
5 sequences disclosed herein, or to fragments thereof, are encompassed by the 

present inversion. Such sequences will be at least 40% to 50% homologous, about 
60% to 70% homologous, and even about 75%, 80%, 85%, 87%, 90%, 91%, 92%, 
93%, 94%. 95% ^6%, 97% to 9?% Virnologous or more with the disclosed 
sequences. Tnat is. the sequence identity of sequences may range, sharing at least 
10 40% to 50%, abo-t 60% to 70%, ?r.:i -vcn about 75%. 80%, 85%, 87%, 90%, 91%, 
92%, 93%, 9*%. 95%, 96%, 97% to 08% or more sequence identity. 

The following terms are u?ed to describe the sequence relationships 
between two or more nucleic acids or polynucleotides: (a) "reference sequence", 
(b) "comparison window", (c) "sequence identity", (d) "percentage of sequence 
15 identity", and r s) "substantial identirv" 

(a) Ar» used herein, "reference sequence" is a defined sequence used as 
a basis for secuence comparison. A reference sequence may be a subset or the 
entirety of a specified sequence: for example, as a segment of a full-length cDNA 
or gene sequence, or the complete cDNA or gene sequence. 
20 (b) As used herein, "comnarison window" makes reference to a 

contiguous and specified segment of a polynucleotide sequence, wherein the 
polynucleotide sequence in the corr-.o orison window may comprise additions or 
deletions (i.e., gaps) compared to rne reference sequence (which does not comprise 
additions or deletions) for oplimai alignment of the two sequences. Generally, the 
25 comparison window is at least 20 contiguous nucleotides in length, and optionally 
can be 30. 40 : 50, 100, or longer. Those of skill in the art understand that to avoid 
a high similarity to a reference sequence due to inclusion of gaps in the 
polynucleotide sequence a gap penairy is typically introduced and is subtracted 
from the number of matches 
30 Methods of alignment of sequences for comparison are well known in the 

art. Thus, the determination of perce r* sequence identity between any two 
sequences can bo accomplished using a mathematical algorithm. Preferred, non- 
limiting exrriples of such mathemrioai algorithms are the algorithm of Myers and 
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Miller (1988) CABIOS 4:\\A7\ the ,0031 homology algorithm of Smith etal. 
(1981) Adv. Appi Math. 2:482; the homology alignment algorithm of Needleman 
and Wunsch (1970)7. Mol. Biol. 4.5:443-453; die search-for-similarity-method of 
Pearson and Lipman (1988) Proc. NztL Acad. ScL 55:2444-2448; the algorithm of 
5 Karlin and A'tschul (1990) Proa Nan. Acad. ScL USA 872264, modified as in 
Karlin and Aitschul (1993) Proc. Nad. Acad. ScL USA £0:5873-5877. 

Computer implementations of these mathematical algorithms can be 
utilized for comprison of sequenci > :o determine sequence identity. Such 
implementations include, but are not 'united to: CLUSTAL in the PC/Gene 
10 program (available from Intelligences Mountain View, California); the ALIGN 
program (Version 2.0) and GAP, EFSTFIT, BLAST, FASTA, and TFASTA in the 
Wisconsin Genetics Software Packer, Version S (available from Genetics 
Computer Gr^up (GCG), 575 Science Drive, Madison, Wisconsin, USA). 
Alignments .sing these programs ca- be performed using the default parameters. 
1 5 The CLUSTA L program is well described by Higgins et al. (1988) Gene 73:237- 
244(1988); H^gmset al. H989) CaWOS 5.T5M53; Corpete/a/. (1988) Nucleic 
Acids Res. 1 <f ; ] 0S8 1 -90; Huang er < r (1 992) CABIOS 8: 1 55-65; and Pearson et al 
(1994) Meih 'ifoi Biol. 24:307-32' . r he ALIGN program is based on the 
algorithm cf Myers and Miller (1 98S1 supra A PAM120 weight residue table, a 
20 gap length penalty of 12, and a gan penalty of 4 can be used with the ALIGN 
program when comparing amino acid sequences. The BLAST programs of 
Aitschul a cd ( 1 990) J. Mol. Biol ? ' 5:403 are based on the algorithm of Karlin 
and Altschu 1 (1990) supra. BLAST nucleotide searches can be performed with the 
BLASTN program, score - 100. wordlength - 12, to obtain nucleotide sequences 
25 homologou s to a nucleotide sequerce encoding a protein of the invention. BLAST 
protein searches can be performed with the BLASTX program, score - 50, 
wordlens;tb = 3. to obtain amino acid sequences homologous to a protein or 
polypeptide of the invention. To obtain gapped alignments for comparison 
purposes, Gapped BLAST (in BLAST 2.0) can be utilized as described in Aitschul 
30 etal. (1997' Wuc/eic Adds Res. .75.3389. Alternatively, PSI-BLAST (in BLAST 
2.0) can be used to perform an iterarei ?earch that detects distant relationships 
between molecules. See Aitschul .?/ al (1997) supra. When utilizing BLAST, 
Gapped BLAST. PSI-BL AST, the default parameters of the respective programs 



WO 00/78983 



PCT/US00/17090 



(e.g., BLASTN for nucleoude scouences, BLASTX for proteins) can be used. See 
http://www.ixbi. nlm.nih.gov. Aliavjnent may also be performed manually by 
inspection. 

For purposes of the present invention, comparison of nucleotide or protein 
5 sequences for determination of percent sequence identity to the promoter sequence 
or the anitp at oogenic sequences disclosed herein is preferably made using the 
Clustal W orcgram (Version 1.7 cr l ater) with its default parameters or any 
equivalent urogram. By "equivaler : program" is intended any sequence 
comparison program that, for any sequences in question, generates an 

10 alignment having identical nucleotide or amino acid residue matches and an 

identical percent sequence identity when compared to the corresponding alignment 
generated by the preferred program. 

(c) As used herein, "sequence identity" or "identity" in the context of 
two nuclei^ *cid or polypeptide sec . frees makes reference to the residues in the 

15 two sequences that are the same wh-n aligned for maximum correspondence over a 
specified co-nnanson window W> f en percentage of sequence identity is used in 
reference to proteins it is recognizee thai residue positions which are not identical 
often differ by conservative amino acid substitutions, where amino acid residues 
are substituted for other amino residues with similar chemical properties (e.g., 

20 charge or hydrephebicity) and therefore do not change the functional properties of 
the molecule. When sequences d-'ff er in conservative substitutions, the percent 
sequence identity may be adjusted l ow?.rds to correct for the conservative nature 
of the substitution. Sequences th;;* differ by such conservative substitutions are 
said to have ''sequence similarity 1 ' :r ''"similarity" Means for making this 

25 adjustment ire well known to those of skill in the art. Typically this involves 

scoring a conservative substitution as a partial rather than a full mismatch, thereby 
increasirg the percentage sequence 'dentity. Thus, for example, where an identical 
amino and is given a score of I ani a non-conservative substitution is given a 
score of ze-o, a conservative substinnon is given a score between zero and 1. The 

30 scoring of conservative substitution ; is calculated, e.g., as implemented in the 
program PC'OSNE (Intel tieener. 1 ":^.. Mountain View, California). 

id) A.s used herein, "parentage of sequence identity" means the value 
determined b v comparing two oo tun ally aligned sequences over a comparison 
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window, wherein the portion of the t clynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as compared to the 
reference sequence (which does rot comprise additions or deletions) for optimal 
alignment of the two sequences Tht percentage is calculated by determining the 
5 number of positions at which the identical nucleic acid base or amino acid residue 
occurs in both sequences to yield the number of matched positions, dividing the 
number of matched positions by the total number of positions in the window of 
comparison, and multiplying the result by 100 to yield the percentage of sequence 
identity. 

10 (e)fi) The terrr. "substantia identity" of polynucleotide sequences means 

that a polynucleotide comprises a sequence that has at least 70% sequence identity, 
preferably at least 80%, more preferably at least 90%, and most preferably at least 
95%, cornered to a reference sequence using one of the alignment programs 
described using standard parameters. One of skill in the art will recognize that 
15 these values car be appropriately adjusted to determine corresponding identity of 
proteins encoded by two nucleotide sequences by taking into account codon 
degeneracy > amino acid similarity, wading frame positioning, and the like. 
Substantia 1 : dcntny of am»no acid s-vquences for these purposes normally means 
sequence identity cf at least 60%, raote preferably at least 70%, 80%, 90%, and 
20 most preferably at least 95%. 

Another indication that nucleotide sequences are substantially identical is if 
two molecules hybridize to each other under stringent conditions. Generally, 
stringent conditions are selected to be about 5°C lower than the thermal melting 
point (T n ) for the specific sequence: at a defined ionic strength and pH. However, 
25 stringent condition? encompass temperatures in the range of about 1 °C to about 
20°C lower than the T n . depending upon the desired degree of stringency as 
otherwise q .alined herein. Nucleic acids that do not hybridize to each other under 
stringent conditions are still subsTa-ma.'Iy identical if the polypeptides they encode 
are substantially identical. This mr.y occur, e.g., when a copy of a nucleic acid is 
30 created usinv (he maximum coder, degeneracy permitted by the genetic code. One 
indication i':at >o nucleic acid sequence? are substantially identical is when the 
polypeptide encoded by the first nucleic acid is immunologically cross reactive 
with the poo Office encoded by -: K e second nucleic acid. 
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(e)(ii) The term "substantial identity" in the context of a peptide indicates 
that a peptide jomprises a sequence with a:: least 70% sequence identity to a 
reference sequence, preferably 80%, more preferably 85%, most preferably at least 
90% or 95°/'. sequence identity to tr r reference sequence over a specified 
5 comparison ^ indev. Preferably, optima": alignment is conducted using the 
homology ai-'gnment algorithm of Needleman and Wunsch (1970)7. MoL BioL 
45:443-45?. An indication that two peptide sequences are substantially identical is 
that one pe~rii^ Is immunologic \)\y reactive with antibodies raised against the 
second peprd* 3 Thus, a peptide is substantially identical to a second peptide, for 
10 example. ^ 1_ er a the twe peptides dlffV only by e conservative substitution. 

Peptides -ht : ?re "svbstcJ i !i , 3.. , )y sin:i!^r" >h?re sequences as noted above except that 
residue position? f bat are not identic! may differ by conservative amino acid 
changes. 

The art ; -pathogenic genes and proteins as well as the anti-pathogenic 

15 homologue genes and proteins of *be invention can also be used to control 

resistance xc. pathogens by enhancing the defense mechanisms in a plant. While 
the exact function of the anti-pathof;cnic homologues is not known, they are 
involved ; r? Tfluencing the express; ;n of defense-related proteins. It is recognized 
that the present invention is not premised upon any particular mechanism of action 

20 of the anti-psdiogenic genes. It is sufficient for purposes of the invention that the 
genes and proteins are involved in the plant defense system and can be used to 
increase resistance levels in the plant to pathogens. 

The plant defense mechanisms described herein may be used alone or in 
combination with other proteins or agents to protect against plant diseases and 

25 pathogens. Other plant defense proteins include those described in copending 
applications entitled "Methods for Enhancing Disease Resistance in Plants"^ U.S. 
Application :>rial No. 60/076,15 1 filed February 26, 1998, and U.S. Application 
Serial Nc. 60/092,464, filed Ju!y 1 1, 1998, and copending application entitled 
"Genes for Activation of Plant Pathogen Defense Systems", U.S. Application Serial 

30 No, 60/076,0? 3, fiied February 26, ' 993, ail of which are herein incorporated by 
reference. 
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The nucleotide sequences of the invention can be introduced into any plant. 
The genes to be introduced can be conveniently used in expression cassettes for 
introduction an i expression in any plant of interest. 

Such expression cassettes wiil comprise a transcriptional initiation region 
5 linked to the nucleotide sequence cf interest. Such an expression cassette is 

provided with a plurality of restriction sites for insertion of the gene of interest to 
be under the transcriptional regulation of the regulatory regions. The expression 
cassette may additionally contain selectable marker genes. 

The transcriptional initiation region, the promoter, may be native or 

10 analogous or foreign or heterologous xn the plant host. Additionally, the promoter 
may be the namr?! sequence or alternatively a synthetic sequence. By foreign is 
intended thai r he transcriptional im'ti^t'on region is not found in the native plant 
into which the transcriptional initiation region is introduced. As used herein a 
chimeric gene comprises a codirg sequence operably linked to a transcription 

15 initiation region thar is heterologous to the coding sequence. 

The transcriptional cassette will include in the 5 '-3' direction of 
transcription, a transcriptional and transitional initiation region, a DNA sequence 
of interest \ -nO. r- transcriptional and transktional termination region functional in 
plants. The v 'nvnatiori region nay " e native with the transcriptional initiation 

20 region, rray he native with the DNA sequence of interest, or may be derived from 
another source Convenient termination regions are available from the Ti-plasmid 
of A. tumefaciem such as the octomne synthase and nopaline synthase termination 
regions. See also. Guerineau et oi (1991) Mol. Gen. Genet 262:141-144; 
Proudfoot (1991) Cell 64:671-67^; Sanfacon et al (1991) Genes Dev. 5:141-149; 

25 Mogcn era I (1990) Plant Cell 2\\ 261-1272; Mtinroe et al (1990) Gene 91:151 • 
158; Ball as et al. 1989) Nuc. Acids Pes. J 7:7891-7993; Joshi et al. (1987) Nuc. 
Acid Res, 15 9627-9639. 

A number o r promoters can he used in the practice of the invention. An 
inducible om;rnter can be used to drive the expression of the genes of the 

30 invention 'he inducible promoter vill be expressed in the presence of a pathogen 
to prevent rifecrcn and disease svmptcins. Such promoters include those from 
pathosjenes-is-rc-Vared proteins (PR , roteir.s), which are induced following infection 
by a 3atho£<r: e.c;.. PR proteins. SAP. proteins, beta- 1 ,3-glucanase, chitinase, etc. 
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See, for example, Reeolfi et al. (1983) Neih. J. Plant Pathol 59:245-254; Uknes et 
al (1992) Plant Cell 4:645-656; and Van Loon (1985) Plant MoL Virol. 4:111- 
1 16. See, also the copending applications entitled "Inducible Maize Promoters", 
U.S. Application Serial No. 60/076 A 00, filed February 26, 1998 and U.S. 
5 Application Ssnai No. 60/079.648, filed February 27, 1998, and herein 
incorporated by reference. 

Of interest are promoters inu are expressed locally at or near the site of 
pathogen inf c^on See, for example .M^.rineat: et al (1987) Plant MoL Biol. 
7:335-342; Matron et al (1989) Mo 'ecula* Plant Adicrcbe Interactions 2:325-331; 
10 Somsisch ei al i \ i>86) Proc. Natl Acad Sri. USA 53:2427-2430; Somsisch etal 
(1988) Mr< I-' : ■'>'!■::>' ami General Gewvc? ? 93-98; and Yang (1996) Proc. Natl. 
Acad. Set US* P.?:U972-14977. Siealro, Chen et al (1996) Plant J. 70:955-966; 
Zhang et al H994) P-oc. Natl. Acad Set. USA 97:2507-2511; Warner et aL (1993) 
Plant J. 3:1 9' -701: Siebetfz # al. ^ 1 989) P/awf G?// 7:961-968; and the references 

1 5 cited therein Of navicular interesv the inducible promoter for the maize PRms 
gene, v/hos^ ^':>ressior. is induce:' fv the pathogen Fusarium moniliforme (see, for 
example, Corde;j a al. (1992) Phyvol. MoL Plant Path. 47:189-200). 

Additionally, as pathogens f nd entry into olants through wounds or insect 
damage, a vour.d inducible promoter may be used in the constructions of the 

20 invention. Svch wound inducible promoters include potato proteinase inhibitor 
(pin II) gene (Ryan ?r cl Ann. Rev. Phytopath. 25:425-449; Duan etal. Nature 
Biotechnohgy / .4:494-498): wup] and wun2, U S. Patent No. 5,428,148; winl and 
win2 (Stanford et al MoL Gen Ger*t ?/ 5:200-208); systemin (McGurl etal 
Science 225:1 570-1 573>; WIPl (Rohmcler et al Plant MoL Biol. 22:783-792; 

25 Eckelkarrn e.r al FEES letters ?2J. 73-76); MPI gene (Corderok et al. Plant 
Journal 6(?)A&\A 50); and the like, herein incorporated by reference. 

Constitutive promoters include, for example, the Rsyn7 (copending U.S. 
Application Srrial No. 08/661,601 ). the scpl promoter (copending U.S. 
Application Serial No. 09/028 819) the ucp promoter, 35S CaMV promoter, and 

30 the like Ot^r -onsuturive promoters include, for example, U.S. Patent Nos. 
5,608,149: 5 .608.144; 5,604,12/: 5 569,597; 5,466.785; 5,399,680; 5,268,463; 
5,608,1^2. N 'ee a;v.. conending appJioc.^on emitted "Constitutive Maize 
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Promoters \ U.S. Application SenaJ Mo. 60/076.075. filed February 26, 1998, and 
herein incorporated by reference. 

Tissu j* -preferred promoters include Yarnamoto et al (1997) Plant J. 
12(2):255-265; Kawamata et al (1997) Plant Cell Physiol. 5^:792-803; Hansen 
5 et al (1997) Mol Gen Genet. 2 54 (3) :331 -343; Russell et al (1997) Transgenic 
Res. 6{2):\51-}68: Rinehart et ai (1996) Plant Physiol 1 12(3):l33l-l34l; Van 
Camp et al ( 1 996) Plant Physiol. 11 .Y2;:525-535; Canevascini et ai (1996) Plant 
Physiol /JJ;':j;5I3 ^24; Yarn:Ti;y,i ct al -[\994) Plant Cell Physiol 35(5):113- 
778; Lam < 1 ^ ffesy/zs F'oW. Cell Differ. 20:181-196; Orozco etal (1993) Plant 

10 Mol Biol 73 '5):? ' 2^-1 138: Ma'suc^a /?/ /?/. (1993) Proc Natl Acad Sci. USA 
90(20):95Z6- n >51Q: and Guevara- Garcia (1993) Plant J. 4(3):495-505. 

Thz r-u2l20tide sequences for the constitutive promoters disclosed in the 
present invrnticr-, ar well as variant ?nd fragments thereof, are useful in the 
genetic m?Ji:pvh-;on of any plant when assembled within aDNA construct such 

15 that the prxr ;>ter sequsnc? is ope; •< -Ky linked w ; th a heterologous nucleotide 
sequence wh'.?- constitute a:;pre>:. "on : .< to be controlled to achieve a desired 
phenotypr t v^or:s .: By ''orv^nb.' v inked" is. .mended the transcription or 
translation of i^r heterologous nucleotide sequence is under the influence of the 
promoter sequence. In this manner, the nucleotide sequences for the promoters of 

20 the invention are provided in expression cassettes along with heterologous 

nucleotide sequences for expression in the plant of interest. It is recognized that 
the promoter seouences of the inversion may also be used with their native coding 
sequences r- increase or decrep.se expression of the native coding sequence, 
thereby resu;tms in a change in phe-.otvne in the transformed plant. 

25 The promoter nucleotide sequences and methods disclosed herein are useful 

in regulating expression of any hete r o).cgous nucleotide sequence in a host plant in 
order to vary the ohenotype of a plant. Various changes in phenotype are of 
interest !nc. ; »*dim? rrodifying the fatty acid composition in a plant, altering the 
amino acid content of a p T ant, alters? a plant's pathogen defense mechanism, and 

30 the like. The-:e resets cap be acai ; v?-d by proving expression of heterologous 
products or -jcreased exr r ession V '^ndocenovs products in plants. Alternatively, 
the resuifs c;~> be achieved by providing for a j eduction of expression of one or 
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more endogenous product;;, particularly enzymes or cofactors in the plant. These 
changes resui: ir. a change in phenov vpe of the transformed plant. 

G of interest ar:: reflect f. o f the commercial markets and interests of 
those invoA e-:3 ir ihe development c: rhe crop. Crops and markets of interest 
5 change, and as developing nations open up world markets, new crops and 

technologies will emerge also. In addition, as our understanding of agronomic 
traits and characteristics such as yb'd and heterosis increase, the choice of genes 
for transformer i nn will change accordingly General categories of genes of interest 
include for trample those genes ir v/^ved m information, such as zinc fingers, 

10 those inv^u>- <" n ^o^mun^ cation. sv~h as kinase, and those involved in 

housekeeper <ucb a? hear shock p'-r>t*ms. Mo r e specific categories of transgenes, 
for example, include genes encoding important traits for agronomics, insect 
resistance, disease resistance, herbicide resistance, sterility, grain characteristics, 
and commercial products. Genes of interest include, generally, those involved in 

15 oil, starch, carbohydrate, or nutrient metabolism as well as those affecting kernel 
size, sucrose loading, and the like. 

Aer? : jniicaily important traits such as oil, starch, and protein content can 
begenercai; \ ulcered in addition to ;is'ng traditional breeding methods. 
Modifications include increasing content of oleic acid, saturated and unsaturated 

20 oils, increasing levels of lysine and sulfur, providing essential amino acids, and 
also modification of starch. Hordorhionin protein modifications are described in 
U.S. Patem Nns. 5.* 7 03,049. 5.885 £01. 5.885-802. and 5,990,389; herein 
incorporated py reference. Another example is lysine and/or sulfur rich seed 
protein encoded by the soybean 2? P.'bumin described in U.S. Serial No. 

25 08/618,9 * \ a led March 20, 1996. and the chymotrypsin inhibitor from barley, 

Williamson et a I, (1987) Eur ,/ Biochem. 765:99-106, the disclosures of which are 
herein incorporated by reference. 

Derivatives of the coding sequences can be made by site directed 
mutagenesis to increase the level of preselected amino acids in the encoded 

30 polypeouitr f'or example, the ?,?r-e encoding the barley high lysine polypeptide 
(BHL) is cc'- : vod from barley chy-norryosin inhibitor. U.S. Serial No. 08/740,682, 
filed Never - >r i . ,996, and PCT/L"S9'>?.044!. }?!ed October 31, 1997, the 
disclosures "f each r;re incorporated herein by reference. Other proteins include 
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methionine- - ich plant proteins such as from sunflower seed (Lilley et al (1989) 
Proceeding- he } y nrid Congress a Vegetable Protein Utilization in Human 
Foods ar.d A.-imai Feedstuffs, ecL Applewhite (American Oil Chemists Society, 
Champaign. Illinois), pp. 497-502; herein incorporated by reference)); com 
5 (Pedersen et ai (1986) J. Biol. Chem. 2(57:6279; Kirihara et al (1988) Gene 

77:359; both of which are herein incorporated by reference); and rice (Musumura 
etai (1989) Plant Mol. Biol. 72:123, herein incorporated by reference). Other 
agronomic a\V important genes encode latex. Floury 2, growth factors, seed storage 
factors, and cr^rscrrrrion /actors. 
10 Inr&v resistance genes may ^code resistance to pests that have great yield 

drag such as rootworm. cutworm. European Corn Borer, and the like. Such genes 
include, for e\ air pie Bacillus thurlngiensis tox:c protein genes (U.S. Patent Nos. 
5,366.892: 5.747.450: 5,736,514; 5723,756; 5,593,881: GeiseretaL (1986) Gene 
48:109): lectins ' Van Damme et a!. 0994) Plant Mol Biol 24:825); and the like. 

15 Getv-s encoding disease re?is!?nce traits: include detoxification genes, such 

as against "vnco.osn (U.S. Parent Application Serial No. 08/484,815, filed June 7, 
1995); avi- (\ vr) an^ disease r--:?istance <'P.> genes (Jones et al. (1994) 
Science 26678 )- Martin et al. (199.?) Science 262:1432; Mindrinos et al. (1994) 
Cell 78: : end 'he like. 

20 Herbidds resistance traits may include genes coding for resistance to 

herbicides that act to inhibit the act-on of acetolactate synthase (ALS), in particular 
the sulfcnyiurea-typ-a herbicides (e.g., the acetolactate synthase (ALS) gene 
containing mutations leading to such resistance, in particular the S4 and/or Hra 
mutations * ;ienes coding for resistance 10 herbicides that act to inhibit action of 

25 glutamine synthase , such as phosph;nothncin or basta (e.g., the bar gene), or other 
such senes Vnown in the art. The bar gene encodes resistance to the herbicide 
basta, the nntJJ sene encodes resistance to the antibiotics kanamycin and geneticin, 
and the AI S ^ene encodes resistance to :he herbicide chlorsuifuron. 

S*er l .t»:y e,enes can also be encoded in an expression cassette and provide an 

30 alternative \o ; f r ^va. 1 de:?ss.?iin?;. r-.-^mpies of genes used in such ways include 
male ti^s:;^ ;r r "em;o. sent.** ar o: penes vith rcaie sterility phenotypes such as QM, 
describe.? r V; "i. Parent Ko. 5.58112 '0. Other gt;nes include kinases and those 
encoding ccnponnds toxic to either ma!? or female gametophytic development. 

27 
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The quality of grain is reflected in trails such as levels and types of oils, saturated 
and unsaturated, quality and quantity o f essential amino acids, and levels of 
cellulose, v- corn, modifier hordothicnin proteins, described in U.S. Patent Nos. 
5,703,049. 5&35M1, 5,885,802, and 5,990,339, provide descriptions of 
5 modifications of proteins for desired purposes. 

Commercial traits can also be encoded on a gene or genes that could 
increase for example, starch for ethaiol production, or provide expression of 
proteins. Another mTsonaru commercial use of transformed plants is the 
production of vclym^s and bioptesv'cs .-: uch as described in U.S. Patent No. 
10 5,602,321 February ! ^ !- ^ S">97. < Hries suc^ as B-Ketothiolase, PHBase 

(polyhydro:; ,i Li]Ta + e synthase) and a:efc-'ice*yl-CoA reductase (see Schubert etai 
(1988) J. Bor :<?rio/ I ?9: 58 37-5847) facilitate expression of polyhyroxyalkanoates 
(PHAs). 

Exop; rrcn? products include o!ant enzymes and products as well as those 

15 from other scurfs including proc?.r^ote.3 and ether eucaryotes. Such products 
include erzy-ne*, enactors, hormone -'rid the like. The level of proteins, 
particular!"/ nvicrle^ onneirs h;r ir.; : T-ornvcd anrino acid distribution to improve 
the nutrient v: 1 ;e of "he phnt. oi,n ; r.-.ressed. This is achieved by the expression 
of such pnr.evs having enhanced amine acid content. 

20 Thus, the heterologous nucleotide sequence operably linked to one of the 

constitutive promoters disclosed herein may be a structural gene encoding a protein 
of interest. Fx?mnles of such heterologous genes include, but are not limited to, 
genes encod e rrotcins conferring resistance to abiotic stress, such as drought, 
temperature *i!irirv ; and toxin? such as pesticides and herbicides, or to biotic 

25 stress, such as attacVs by fungi, v»r tses. oarteria, insects, and nematodes, and 
development of diseases associated with these organisms. More particularly, the 
constitutve promoters disclosed herein and identified as weak constitutive 
promoters are u?eftit in transformi"^ nlants to constitutively express an avirulence 
gene as disclosed in the copending applications both entitled "Methods for 

30 Enhancir? Oiscwe 'Resistance in Pio*'*'.v" U.S. Application Serial No. 60/075,151, 
filed Febrnaw ?n • v98, and U S. A ^plic^irion Serial No. 60/092,464, filed July 1 1, 
1998, borii o.' which are herein incorporated by reference. Such weak promoters 
may cause ac<:i virion of the plant defense system short of hypersensitive cell death. 
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Thus, there is ?.r sctivation of the pisiu defense system at levels sufficient to 
protect from pathogen invasion. In this state, there is at least a partial activation of 
the plant defense system wherein the pinm produces increased levels of 
antipat ho genie factors such as PR proteins, i.e., PR-K cattiness, a-glucanases t etc.; 
5 secondary metabolites; phytoalexins; reactive oxygen species; and the like. 

Alternatively, the heterologous nucleotide sequence operably linked to one 
of the constitutive promoters disclosed herein may be an antisense sequence for a 
targeted ?;er \ 3y "antisense DN7» -.;c<;otide s^qvence" is intended a sequence 
that is ir» m vrs- 5 nrvntaiion to the ' to 3 norma! orientation of that nucleotide 
10 sequence. <-hei delivered into a plant cell, expression of the antisense DNA 
sequence prevents normal expression o r the DNA nucleotide sequence for the 
targeted gene Th? antisense nucleotide sequence encodes an RNA transcript that 
is complementary to and capable of hybridizing to the endogenous messenger 
RNA (mRN A 1 produced by transcription of the DNA nucleotide sequence for the 
15 targeted gei \e. In -his case. prcrKcrlcr cf the native protein encoded by the targeted 
gene is hh' fi*e'( m thieve a des'r-'d rfenotynio response. Thus the promoter 
sequences z\:-:'-><r.i\ herein may be rmeraMy linked to antisense DNA sequences to 
reduce or ; ?V~ ; b : expression of a native protein in the plant. 

Thf ; -;encs a/<d promoters of 'be invention are provided in expression 
20 cassettes for expression in the plam :>f interest. The cassette will include 5' and 3' 
regulator'' ^eauences operably h'nxcd to the gene of interest. The cassette may 
additional K* contain at least one additional gene to be cotransformed into the 
organism ■'. : -:enpanvely, the add;- Wik : gene(s) can be provided on another 
expressior. ^e'te Where appropriate, the genet s) may be optimized for 
25 increased e> -nression in the transformed plant. That is, the genes can be 

synthesized using plant preferred codons for improved expression. Methods are 
available i n the an for synthesizing riant preferred genes. See, for example, U.S. 
Patent Nos 5 .3^31, 5.436. 391 , and Murray et at (1989) Nuc. Acids Res. 
/ 7:477-49^'. : ~erev-i incorporated h^ r reference. 
30 A,i ';'r % }:i> sequence mod; fi r r.rions are known to enhance gene expression 

in a ce!!b ; :.. r . .-e ; . . These i delude e: \r : na r ;on o I sequences encoding spurious 
p0ly2der.yi--.tic nimais, exor.-intn-n cti're site signals, transposon-like repeats, 
and other sjoh ,T - ell -characterize J fee'i-snces, v/hich may be deleterious to gene 
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expression, 'he G-C content of xr.r. s equence may be adjusted to levels average for 
a given cz\i\: :, .:s --est. as calculated oy r eference :o known genes expressed in the 
host ceil. V.-V;=r. petiole, the sequence ir. modified to avoid predicted hairpin 
secondary :nRN!A structures. 
5 The exp'ession cassettes may additionally contain 5' leader sequences in 

the express." cassette construct. Su::h leader sequences can act to enhance 
translation 7:" slr.tion leaders ar.-i Viio'vn in the art and include: picomavirus 
leaders, for :r^r;>K EM'?V k^ -' ■ r.nc^haiorr. yocarditis 5' noncoding region) 
(Eln>y-S**r { 1989) PAX? t #5.6] 26-61 30): potyvirus leaders, for 

10 example, '7i >:Kv-:r (Tobacco Eky> Virus* (Allison et al (1986); MDMV leader 
(Maiz? D\-a : * /' -.:s:;:.c Virus); Viro^gy j 54:9-20), and human immunoglobulin 
heavy-ch^'r b^H^na orotein fBiPV (Mzceiak e* a/. (1991 ) Nature J5J:90-94; 
untr?nsl?ted -ep.oter from the co?.t proven mRN A. of alfalfa mosaic virus (AMV 
RNA 4) : 0:)b ,; ^ ?r nf (1.987) Wcur? ? 75:622-625; tobacco mosaic virus leader 

15 (TMV),:G: 1 p r; / 1 o?0) v^V:</a>- .S'ofogy ?/"«AM 257-256; and maize 
chloroti? ~: -Ariz V^r (MC V 'V* ^ al (1991) Virology 8 7:382- 

385). See:. :o Op k-Cieooa eta! ' 19%~^ Plant Physiology 84:965-96%. Other 
methods kro-vn ro enhance tra"sl* T io^ en also be utilized, for example, introns, 
and the like. 

20 In preparing the expression cassette, the various DNA fragments may be 

manipula:~-! >o as xo provide for the D\ T A sequences in the proper orientation and, 
as appro: niro. in the prcner reading (Vame. Towards this end, adapters or linkers 
may be emrt ■ "sved to join *.he DNA fragments or other manipulations may be 
involved to provide for convenient restriction sites, removal of superfluous DNA, 

25 removal of restriction sites, or th? 'ike. For this purpose, in vitro mutagenesis, 
primer repair, restriction, annealing, resubstitutions, e.g. transitions and 
transversions may be involved. 

Tne genes of the present ]> vendor can be used to transform any plant. In 
this mar-nr.-. ^enereaUy modified p'pnts plant celJs. plant tissue, seed, and the like 

30 can be oo; : . - 7 ransfo-mation d* xo<:q's may v?.ry depending on the type of 
plant or pi. ; .r>' ceil monocor o r dicot targeted for transformation. Suitable 
methods of ^nsfonning plant ceils include microinjection (Crossway et al (1986) 
Biotechr»ji-?s </:3?.0-334). electroporation (Riggs et al (1986) Proc. Natl Acad. 
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Sci uSASi-.Siri-S^Ap-obsM^ 

(1988) Biology <5:9i5-921 ), direct gene transfer (Paszkowski el al. (1984) 
EMBO J. *.» : 1 "-27?.?.), and b^lisn : panicle acceleration (see, for example, 
Sanford « U.S. Patent 4.945.050; Tome, « a/. Direct DNA Transfer into Intact 
5 Plant Cells via Microprojectile Bombardment; In Gamborg and Phillips (Eds.) 
Plant CeV Tissue and Organ Culture: Fundamental Methods, Springer-Verlag, 
Berlin (10Q<V a~d McCabe et al (1988) Biotechnology 6:923-926). Also see, 
Weissm— ' V^Am *™ ^ .'7:421-477; Sanford e/ C /.(1987) 
Particular Kc^ce a,i Te^Jog-y 5:27-37 ***** Christoutfa/. (1988) J%mr 
10 Physiol 87- - I ^4f«wbeenV. McC.be et al. (1988) BioVechnohgy 6:923-926 
(soybeanV n ,ta „ ,/. (1990) P^hrolo^y 5:736-740 (dee); Klein « al. (1988) 
Proc Mr/ ,W. Sr. USA 5:4305-4309 (maize); Klein (1988)fi/o/ecW/*gy 
d-559-562 (m.ize); Tomes et al D,rec:t DNA Transfer into Intact Plant Cells via 
Micropro^tile .Bombardment; In Ganbccg and Phillips (eds.) /to Oft Ji^e 
15 and Orvar Cu^r, ^iamertal ^oa, Sanger -Verlag, Berlin (1995) 
(maize)- Klrr Pfonr Ph ,s;cl. P/:440-4M(maize); ftommerrt 

(1990) *:S33-339 (nui*): Hooydus-Van Slogteren et al. (1984) 

Ate*,. , v, ?/ ?:7«-764: Bv-icr «r al. (!987) Pr.c. .V«r£. W KM 
«.53*5-<*N /Liliaceae); De Wet a al (1985) In The Experimental Manipulation 
of Ovule 7vcv.,< ed. G.P. Chapman * «/. , pp. 197-209. Longman, NY (pollen); 
Kaeppler * :^<W JVrwr G,'/ 0:415-418; and Kaeppler ef al. (1992) 

7W ^ ( ?4 : 560-566r .vr;, >er-medi,ted transformation); D'Halluiner 

al (, 9 ^ C«/ > -95-1505 <>.ec*or^«* Li « al . (1993) ito Cfl 
/;->:0-255 and Cbxistou and Ford (1995. o/^anv 75:407-413 

25 (rice); Osiod : et al. (1996) Nature technology 7*745-750 (maize via 

^ofc^,-n, r *m4&c««rrt; a'l of which ate herein incorporated by reference. 

TV reUs which have beer transformed, may be grown into plants in 
accordant v,ith conver.tionai wa. See. for example. MeCormick et al. (1986) 
Plant C»U r<er,* 5 81-84. Thes, : :l,r, may then be grown, and either pollinated 

30 with ft, v,r: termed stre,, o- d ^, strains, and the resulting hybnd 

having the ; .red ***** charscc^-c identified. Two or more generations 
may br r^n * ensire :,at the su^ct pbenoryoic characteristic ,s stably 
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maintained and inherited and then sv.: -is harvested to ensure the desired phenotype 
or other property has been achieved. 

The methods of the invention can be used with other methods available in 
the art for enhancing disease resistance in plants. 
5 Methods for increasing pathogen resistance in a plant are provided. The 

methods in\ olve stably transform trig a plant with a DNA construct comprising an 
anti-pathogenic nucleotide sequence of the invention operably linked to promoter 
that drive;: expression in a plan. Such rechod? find use in agriculture particularly 
in limiting th<: impact of olant pathogens on crop plants. The anti-pathogenic 
1 0 nucleotide s *o v^nces comprise stmfic wer genes Particularly, the sunflower genes 
are selectee: i' r om the gene?; encoding - TJ R5, defensin and BBE. While the choice of 
promoter w .i d epend on the desired timing and location of expression of the anti- 
pathogen;-: -.i.ciectide sequence, preferre-i promoters include constitutive and 
patho gen - i nd \ ;c i l> I e pre m o ters . 
1 5 Me^ods are provided for ^ :~e^ ipg < he resistance of a plant to a pathogen 

involving stably metformins', * phrv w"tb a DNA construct comprising a 
nucleotide ; ruteno^ of an indue ibV rvomocer of an antipathogenic gene of the 
invention crrrably jinked ro a secoo.:.' nucleotide sequence. Preferably, the 
promoter is refected from the promo^rs of genes encoding a PR5, a BBE 
20 homologue Ar z defensin. More preferably, the promoter has a nucleotide 

sequence sehoted from the sequences set forth in SEQ ID:7, SEQ ID:8, and SEQ 
ID:9. Altho'ji/h any one of a v*riet / of second nucleotide sequences may be 
utilized, ore'^red embodiments of the invention encompass those second 
nucleotide s-ouences that, when e\irr?sed in a plant, help to increase the 
25 resistance of h ni?nt to p?thogens. T t is recognized that, such second nucleotide 
sequences mny be used in either the sense or antisense orientation depending on 
the desired outcome. 

Anu^rr^e nucleotides 3re cons^Ac-ed to hybridize v/ith the corresponding 
mRNA. Modifications of the ant'^nse sequences may be made as long as the 
30 sequences h ^ nr; j7tf t 0 a:?d inrerfe>; with expression of the corresponding mRNA. 
In this rr^n^r. artisense construction* having 70%, preferably 80%, more 
preferably $5% sequence identity to the corresponding antisense sequences may be 
used. Furthermore, portions of the amisense nucleotides may be used to disrupt the 
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expression o/ths target gene. Generally, sequences of at least 50 nucleotides, 100 
nucleotides, 200 nucleotides, or" greater may be used: Examples of such second 
nucleotide sequences include, bui £ve net limited to, sequences encoding PRI, 
different members of defensin, or 3BE, PR5. antifungal peptides such as 
5 tachyplesm. ^hitinases, glucanase, eio. 

Addirlonaily provided are transformed plants, plant cells, plant tissues and 
seeds ther^ \ 

By ";;:Uhoeer.ic agunt" are hnnrieo pathogenic organisms such as fungi, 
bacteria, m>,> and disease cai:?i r % miccocrganisms. Additionally included are 
10 nematodes, : -rs<*c:s »nd the like. Paihogftr,? of the invention include, but are not 
limited to vv-» ? es or viroicls, be.ctr;~a ir.wis. nematodes, fungi, and the like. 
Viruses i^c!-< ^ tobdcco or cncnmbe'-* mosaic virus, ringspot virus, necrosis virus, 
maize dwr*i ~nci ^-iic: viruf., et: 

S ; f ./'fi;: fungal and viral t a.ho^ci:s for the major crops include: Soybeans : 
15 Phytophihc - - -K^errr-f fsp ^(/.-^pr, lacrophominaphaseolina^Rhizoctonia 
solani. Sde r>r:; !l( -: rrlerovoryr*. Fisanuw owspontm, Diaporthe phaseolorum 
var. s^/Tr fphomoptjs sojac) Dr?p •:*'?}*.?. ^haseolorwv var. caulivora^ Sclerotium 
rolfsiL Cerv; sc^o b'kuchi'. Cercwp y^'i sojino , Peronospora manshurica, 
Colleiotnrh:>*r .'kwatium (Collet or* chum mwcatum), Corynespora cassiicola y 
20 Septoria gr / PhylJosticta sojicola, AHemaria alternata, Pseudomonas 
syringae ^ ' gly^inea, Xonthnmnrr;^ camncsm's p. v. phaseoli, Microsphaera 
diffusa Fu-": ,y ivw *emitpxtum r Phu'ioohovo grevata. Soybean mosaic virus, 
GlomercUa glycine i. Tobacco Rn?, soot virus, Tobacco Streak virus, Phakopsora 
pachyrhizi, p v f hrw?i aphamdermatvw. Pythium ultimum. Pythium debaryanum. 
25 Tomato spotted wilt virus. Hcierodera glycines Fusarium solani\ Canola : Albugo 
Candida. A rmaria brassicce, Leptosphaeria maculans, Rhizoctonia solani, 
Sclerotinic scterotiorww* Mycosohaerella hrassiccola, Pythium ultimum, 
Peronosr orq narr^itica^ Fusarium roseutn, Alternaria alternata\ Alfalfa : 
Claviba'er ■-.•i^higo.twse subsp. ins'diovmt. Pythium ultimum, Pythium irregulars 
30 Pythiiw: rr<?wJer-'c. Pyrhhim dcbarvo.yv.im, Pythium aphanidermatum> 

Phy -tophi 'her. ,( rv?gnyperma. P<?"onosvo y a mfoliovjm, Phoma medicaginis var. 
medicagc^v:. Ce^cospora mexlicigicis, Pseudopeziza nedicaginis, Leptotrochila 
medicagiris. Fwsc\r-atrum. Xanihomcr.es campestris p. v. alfalfae, Aphanomyces 
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euteiches, Storrpr.ylium herbarum. $; zmphylium alfalfae\ Wheat : Pseudomonas 
syringae p. v. ::rrcfhcie?js* Urocysns cgrop^r'u Xamhomonas campestris p. v. 
translucens. Pseudomonas syringae r.v. syringae, Alternaria alternata^ 
Cladosporiurr herbarum, Fusarium graminearum, Fusarium avenaceum, 
5 Fusarium c:ti»iOT<m. Ustilago trizici. Ascochyta tritici, Cephalosporium 

gramireur Collorzr.-ichum graminirola, Erysiphe graminis f. sp. triiici, Puccinia 
graminis f.sp ■■->.;cL Puccinia recor.c'Ata fsp. triiici, Puccinia striiformis, 
Pyrenophor:\ - ; :ic;- • v^rmr. Sep>o 7 ~' noffi*wn, Srptoria tritici, Septoria avenae, 
Pseudocercospnr-ri;.;: herpoirichoide: . R^xoctonia solani, Rhizoctonia cerealis, 
10 Gaeumann:r<\ . '-<.\; graminis va r . t"Pi n L Pvihium apkanidermatum, Pythium 

arrhenomc.n-:' P'-h.u'm uhimum. Bipolar i- sorokiniana. Barley Yellow Dwarf 
Virus. Brorv Mosaic Virus Soi) Bomc WV;at Mosaic Virus, Wheat Streak 
Mosaic V'--cj.?. ^ -re f.t Soiridle .S'rea!: Vi>a r >. American Wheat Striate Virus, 
Claviceps r\ rr-nr??, Tilletir: tritici.. T'llet'a laeviv. Ustilago tritici, Tilletia indica, 

15 Rhizocronia y lo>v. Pvthivm cr^har-rnann^r, Pythium gramicola, Pythium 

aphaniderp ^ r r -' fi Plains Vjrv.?. rr.rcnf^n wheat striate virus; Sunflower : 
Plasmophorr. hah^vJd. Sclerotinir rdem-nrum. Aster Yellows, Septoria 
helianthL Phr-m^nris hdianthL Ai:?rvjrvx heliar.thi, Alternaria zinniae, Botrytis 
cinerec, Phon o macdortaldii . Ma^rophcnzna ohaseolina. Erysiphe 

20 cichoracear <>;\ Rhiropus ciyzae. Rhizonvs arrhizus, Rhizopus stolonifer y Puccinia 
helianthi. Ve'-'ieillium dahliae, Erwinia carotovorum pv. carotovora, 
Cephalospnnum ccremonium. Phyrophthora cry r togea. Albugo tragopogonis, 
Orobanche r; if ytanc\ Tom: Fusanvm wow i forms var. subglutinans, Erwinia 
stewartii. Fn-san-.tm nwnili forme \ Gi^berelia zeae f Fusarium graminearumj, 

25 StenocarppAlo movdi (Diplodia may d is). Pvthium irregulare, Pythium debaryanum, 
Pythium g'Q™in ; cola, Pythium splendens.. Pythium ultimum, Pythium 
aphamder<-n-;jun\ Asoergillus flavur, Bioolaris maydis O, T (Cochliobolus 
heterosiroor ■?>. H^lmimhosporium carbon um I, II & III (Cochliobolus 
carbonumj. rx'^r^hdum turcicirn L -J & I'X Helminthosporium pedicellatum, 

30 Physodewa. PhMio:;iic T a waydis. Ka bane- may dis, Cercospora sorghi, 

Ustilago /3<\7'';//y Puccinia sorghi. P -.ay ma polysora* Macrophomina phaseolina, 
Penici Ilium ('XaPcunu Nigral par a orszae, Oadosporium herbarum, Curvularia 
lunata^ Cv^dara ma?qvoks. Cun>uiaria patiescens. Clavibacter michiganense 
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subsp. nebrciskeiis?.. Tnchodenna vo'ide, Maize Dwarf Mosaic Virus A & B, 
Wheat Streak Mosaic Virus, Maize Chlorotic Dwarf Virus, Claviceps sorghi, 
Pseudonomri; tmr.ae, Erwuzia chry?u?uke k n'i pv. rea, Envinia corotovora, 
Cornstunt sp/roplasma, Diplodia mxcrospora* Sclerophthora macrospora, 
5 Peronosclerospora sorghi, Peronosclerospora philippinensis, Peronosclerospora 
maydis, Peronosclerospora sacchan\ Spacelotheca reiliana, Physopella zeae> 
Cephalosporin;-*}, maydis. C aphalosporiv.m acremonlum* Maize Chlorotic Mottle 
Virus, High F ! a»r»s Was, Maj?ft Mosaic V;rus, Maize Rayado Fino Virus, Maize 
Streak Virus Maize Stripe Virus, Maize Rough Dwarf Virus; Sorghum : 
10 Exserohllv.*r avcvovm, CoV.etot^ch'in graminicola (Glomerella graminicola), 
Cercosporn ynrcr'tl. Gloeocerccspon ?or?hi, Asrochym sorghina, Pseudomonas 
syringae p v. s^rhtgae, Xanthomonas campestris p. v. holcicola, Pseudomonas 
andropogpvi \ Puccinia purpurea. Macronhomna phcseolina, Perconia circinata^ 
Fusarium racniii forme, Altemaria alternate, Hipolaris scrghicola, 
15 Helmintho^porhim sorqhicola. Cu-.uhnc lunaw. Phoma insidiosa, Pseudomonas 
avenae fPse-iJcmenas alboprecipivr»s). Ramulbpora sorghi, Ramulispora 
sorghicola, Ph ilachara sacchnn, ooorisorium reilianum (Sphacelotheca reiliana), 
Sphacelothe or o*o--enta. Snr/risoriun soro;hi. Sugarcane mosaic H, Maize Dwarf 
Mosaic Virui A & B. Claviceps sorghi, R/ izcctania solani, Acremonium strictum, 
20 Sclerophthona nacrospora. Peronosclerospora sorghi. Peronosclerospora 
Philippine^ 'vs, Sclerospora graminicola, Fusarium graminearum, Fusarium 
oxysporum . pvthium arrhenomcnes. Pvthium graminicola, etc. 

N*n< ( rories include parasitic nematodes such as root knot, cyst, reniform 
and lesion nematodes, etc. 
25 Insect pests include insects selected torn the orders Coleoptera, Diptera, 

Hymenoptera, Lepidoptera, Mallophaga. Homontera, Hemiptera, Orthoptera, 
Thysanopiera "Oemaptera, Isoptera Anoplura, Siphonaptera, Trichoptera, etc., 
particularly Co'oomera and LepidopTe\-a. /nsect pests of the invention for the 
major crons include: Maize: Ostrinic nv.bilalis European corn borer; Agrotis 
30 ipsilon, bh:u l <:o-s.*<o r m: Helicoverra r»c corn e*rvorm; Spodopterafrugiperda, 
fall armyvv.-^-.. Oic traza grandiosdla, southwestern corn borer; Elasmopalpus 
lignosellv? . .s^er corn?t,-*!K bore";. i)'.atr:i?Q saccharalis, surgarcane borer; 
Diahrodcy v'n-J/^c. western com lootvo Tn; Diabrotica longicornis barberi y 
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northern cert, reorworm; Diabetica undscimpunciata howardi, southern com 
rootworm; ■! Ic notus spp.. wireworms; Cyclocephala borealis, northern masked 
chafer (whi'.i g.nb): Cyclocephala immaculate southern masked chafer (white 
grub): /W'.c iaionicc, Japanese metier Chaeiocnema pulicaria, corn flea beetle; 

5 Sphetwpkorus maidis, maize biilbug; Rbopalosiphum maidis, com leaf aphid; 
Anuraphis maidiradicis, com root aphid; leucopterus leucopterus, chinch 

bug; Melanovh; femurrubrum. redieggtd grasshopper, Melanoplus sanguinipes, 
migrates rw^cprer Hv'emva p'.atv.r^ seedc^rn. maggot; Agromyza parvicornis, 
com blot Icsfhiiarr: Anaphothnps ooscrurus. grass thrips; Solenopsis milesta, thief 

10 ant; Te:*cr ■■■-!>.> s wticae. twosoott^ ?p:der mite, Sorghtra: Chilo partellus, 
sorghum bo, -!- Spodcptemfn^P>~rda. fall anrr/worm; Helicoverpa zea, com 
earworrn- Flosropr.teus Vgnou-llm, lesser cornstalk borer; Fe/ria subterranea, 
granulate curwrrro: Phyllovhaga c^wr, white grub: Conodenis, and 

^go/ MS spp , n ireworms; 0«/ew3 n*laitv>m, cereal leaf beetle; Chaeiocnema 

15 pulicaria co "o He" beetle; Sphencphorus maidis, maize biilbug; Rhopalosiphum 
maidis: com v a f9t^d: %Afl faw. ye' low sugarcane aphid; leucopterus 
leucopterus. -hinch bug; r^rm*-- wghicola. sorghum midge; Tetranychus 
cinnabars -.cv.nune spider write- Tfrwchus urticae, twospotted spider mite; 
Wheat: PseudiL'tia unipunctata. arrnv >vorm: Svodoptera frugiperda, fall 

20 a^yworm; F.lasmopalpvs lignosellus, lesser cornstalk borer; ^grofis orthogonia, 
western cutworm; Elasmopalpus lignosellus, lesser cornstalk borer; Outenifl 
m£ / flW9! «. cereal leaf beetle: rYvpera ojmetuftz. clover leaf weevil; Diabetica 
undecimvvncuv.a howardi. southern con rootworm; Russian wheat aphid; 
Schizaphis graminum, grecribug; Karrosiohum avenae, English grain aphid; 

25 Melanoplus U^vr^brum. red legged grasshopper; Melanoplus differential, 
different^ qnsshouper: Melanoplus sanwmpzs, migratory grasshopper; 
Afoye/u>/« rf^rr^wr, Hessian fly; Sitodiplosis nosellana, wheat midge; Aferomvza 
ammca/is, wHnt stem maggot; fMaim! coarcww, wheat bulb fly; Frankliniella 

fusca tobacco «hrips: 0?M«* ™<™ vvheat s,Kn sawfly; • 4cen ' fl Wheat 
30 curl mite: Slower heiianthana, s«»»ftowcr bud moth; Homoeosoma 

electeVw. <■■ m flower moth; n^n-w/na exebvrationis, sunflower beetle; 
A>//ryi™ t»*,>vHs. carrot beetle: Ntoiedopterc murifeldxiana, sunflower seed 
mid«?e: Cotton- .Miothis virescenr, co"on budworm; Helicoverpa zea, cotton 
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bollworm:. Spo:hp:era exiTua, beet armvworm; Pectinophora gossypiella y pink 
bollv/orm; Aw ".on omits grand's, boil weevil; .Aphis gossypii, cotton aphid; 
Pseudctorr.- .-scelis s^riaius, conon f.eahopper; Triaieurodes abutilonea y 
bandedwingtd whitefly; Lygus lineolaru, tarnished plant bug; Melanoplus 
5 femumibrum. rediegged grasshopper; Melanoplus differ entialis, differential 
grasshopper; Thrips tabaci, onion thrips; Franklinkiella fusca, tobacco thrips; 
Tetranychus cir.nabarinus. carmine spider mite; Tetranychus urticae, twospotted 
spider mite: K; :e: Diatraea sacckaralis. sugarcane borer; Spodoptera frugiperda, 
fall anriywc rrr- Heiiroverpa tea, cc.v. earv/orm; Colaspis brunnea, grape colaspis; 
10 Lissorhomri'-s iiy-ophitvs. rio-;- wa:er '-v wil; Si-ophilus oryzae, rice weevil; 

Nephotett^:- - : g!vw??u$, nee Ie<-.fhopper Plissus leucopterus leucopterus^ chinch 
bug: Acronr.n-ura hilars, ^reert b'jg; Soybean: Pseudoplusia includens* 
soybean lonp:\~ Amicf^sia^mTru-.^is. -.clvetbean caterpillar; Plaihypena scabra, 
green clovervvorm: Qstrinia rtp^ihuis. European corn borer; Agrotis ipsilon> black 

35 cutworm: Spoaoptera exigua, beet ?.rmywornr, Heliothis virescens, cotton 

budwoTn: ' : frncoverpa zen s corion ^IN'orm; Epihchna varivestis, Mexican bean 
beetle: A/vryc ptr-i^az. g r een peac^ vohi r J: Errvoasca fabae, potato leafhopper; 
Acrosternu : l ^h'rc- gree r . stink N 1 ^; ;VW :noph<s femiirmbrum, rediegged 
grasshonper W?'>aAcplus differenvaii- differential grasshopper; Hylemya platura, 

20 seedcorn mascot: Sericothrips variabilis., soybean thrips; Thrips tabaci, onion 
thrips: Tetranychus rurkestani. slrawber-y spicier mite; Tetranychus urticae, 
twospotted sm rier mite; Barley: Ostn'ma mibiialis, European corn borer; Agrotis 
ipsilon, bla:;k r.ur^orm; Schizavhis grz.-ninum, greenbug; Blissus leucopterus 
Ieucoptw. chinch bug:, Acrosterr.un 1 : rH'\rc. 2 r een stink bug; Euschistus servus, 

25 brown stin.< bug; Delia platura, seedcon: maggot; Mayetiola destructor, Hessian 
fly: Petrob'C U\iens. brown wheat nv'te; Cj^ Seed Rape: Brevicoryne brassicae, 
cabbage ?ohk'; Pfadlotreix crucifera?. Flea beetle; Mamestra configurata, Bertha 
armyworm: 0 ivt'~?Pa xylostella, Di?mo n H-back moth; Delia ssp., Root maggots. 
The pr.r-^rt invention, also ^rov^s isolated nucleic acids comprising 

30 polynucleoti-i'.s o \ sufficient !ena:l» comolernentarity to a gene of the invention 
to use r^oK's '.^i* amplificat'on prime's m the detection, quantitation, or isolation 
of aerie tr-i ':■ r . r "A;>. for fimple i r c Is.i-rd m.cleic a*.::ds of the present invention can 
be used : ■•v-hes in detecting defidencie? in the level of mRNA in screenings for 
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desired tiui;:: :,z Aims, ibr detecting mutations in the gene (e.g., substitutions, 
deletions, o: aoiiLo-us), for rnonuonng ,:pn;gulation of expression or changes in 
enzyme ac:iv in scree-nine assay-: o:\ompoi-.n;is, for detection of any number of 
allelic vari. * -xMymotphismV) ^v::\z, or for use as molecular markers in 

5 plant breed :i g prcerams. The isoLtfd nuileic acids of the present invention can 
also be usr.d for recombinant expression :f polypeptides, or for use as immunogens 
in the prep. inn or md/or screening c f " ? ntibodies. The isolated nucleic acids of the 
present invert c?r< also be emp/<v-ed ? or use in sense or antisense suppression of 
one or mere - of the vr/en-inn >. ?. ho?t eel', tissue, or plant. Attachment of 

10 chemica 1 ~. ^ h, "c>» h>.d, irtr-iva^ -leeve md'or crosslink to the isolated 

nuc'Ho " f preset indent 1 ' ?r r -r .''.Iso b r used to modulate transcription or 

translator. : .~*he:\ vsing < rnnr ^-pH^c to ~n insertion sequence (e.g., 
trar?r>oson) r.r<d n primer **vhich speH.n>,?J!y hybridizes to an isolated nucleic acid 
of the present invention, one czp us^ ntcleio ac i d amplification to identity insertion 

15 sequence ip^^'ated gen^s of the mvenr.on from a cDNA library prepared from 
insertion s^q-; : v:e rnutageni7.ee p^rts. Progeny seed from the plants comprising 
the desired 'r n -■:i\-r-\^d ee^e can he cp-o vr to a plant to study the phenotypic 
char ees ■ ■ : / c o f that « ^acr i; n ■ n . See Tbt?/.? to Determine the Function of 
Genes ) Q l > c *-Vjceeuines of the ^iinetn Annual Corn and Sorghum Industry 

20 Research Conference. American Seed Trade Association, Washington, D.C., 1995. 
Additionally non-Translated 5' or :•' regions of the polynucleotides of the present 
invention can l*e used to modulate turnover of heterologous mRNAs and/or protein 
synthesis Fanner, the codon preference characteristic of the polynucleotides of the 
present, inv^n^on ran be employed heterologous sequences, or altered in 

25 homo'ogoufi heterologous seciuences v:> modulate translational level and/or 
rates. 

T hc? P':?enr invention nrev 1 ks a method of genotyping aplant comprising 
apol\muc!.rot : de of the present in\ ention. The plant may be a monocot, such as 
maize or so^p.-nr or alt^rnat" vei;/. a dicot. such as sunflower or soybean. 
30 Genotvpuis: p v'ides a m ?ans o :'o^tr^tnshing homoiogues of a chromosome pair 
and can be to differentiate segerw? in a plant population. Molecular 
marker n^ho".;: be u^d for p :;■/ :0;;eae' : .ic st-idies, characterizing genetic 
relations: * ' • \wquz. crop varieties. :u^\< Tymg crosses or somatic hybrids, 
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localizing c\:r re -somal segments ? fleeting monogenic traits, map based cloning, 
and the study of quantitative mheriuuv:;;. See, e.£., Plant Molecular Biology: A 
Laboraon r.lcruaL Chapter 7 y Clark. F.-j. , Springer- Verlag, Berlin (1997). For 
molecular mark : ?r methods, see generally, The DNA Revolution by Andrew H. 
5 Paterson 1996 Chapter 2) in: Genome Mapping in Plants (ed. Andrew H. 
Pateison) by Academic ?n;ss/R. G. Landis Company, Austin, Texas, pp. 7-21. 

The p-rt.cu'ar method of genotyping in the present invention may employ 
any number . ^vohcuh: r^rk^r an.-».yti? rerhniques such as, but not limited to, 
restriction !';:; -••■rr.w length ooiM^ofOH^r;::: 'RFLPs). Thus, the present invention 
10 further ?ro<. < -;eans f o folks-' regr;.- ;;auon of a gene or nucleic acid of the 
present in ^juto'i *.s we!i as chromosomal lequsnces genetically linked to these 
genes or nvc J *: ; r ^ci is usin^ such teoha ; <rn :, ~ ?s RFLP analysis. Linked 
chromoso*va : jeoue nces r^re vv : th;n "0 cTPtiMorgms (cM), often within 40 or 30 
cM, prefereKy *v:lhin 20 C 3 0 cM. to--: prefers! bly within 5, 3, 2, or 1 cM of a 
15 gene of th : ; i'yontion. 

]v. -V ~"*«i»y inversion, th? - ur! v : r,cic ~:robe> employed for molecular 
marker ^-r^^r --'ant \M<;)e?r gesvn-.v? selectively hybridize, under selective 
hybrid ir.3/- - : '\rv/.: ; on$, to a gene err-' r.^g a polynucleotide of the present 
invention r n referred embodiment th " probes are selected from polynucleotides 
20 of the pre w 'nven'ton. Typically, these orcbes are cDNA probes or Pst I 

genomic Hones The length of the probes is discussed m greater detail, supra, but 
are typically ar !eas r 15 bases in length, more preferably at least 20, 25, 30, 35, 40, 
or 50 base- r: I^q?b. Gererally, ho^ev^r, the probes are less than about 1 
kilobase jr. t - -rth. D refer'^h 1 y the probe? are single copy probes that hybridize to a 
25 unique Iocj:? \ n ;» h?ploid chromosome complement. 

The ore^nt invention fun her provides a method of genotyping comprising 
the steps of conxactmg, under stringent, hybridization conditions, a sample 
suspected ;?f coniprsing a polynucleotide of the present invention with a nucleic 
acid probe. " : -r*ereI!y . the sample i> ? pi ant sample; preferably, a sample 
30 suspected -> ' : o-o.sirig * mai/e c-: i vp--iH -otid^ of the present invention (e.g., 
gene, rx-pJA • . r 'hc -w/Mu: ?.cic ?r selective/;/ hybridizes, under stringent 
condi'tiom. ... a si c^quence of ^ n^vT!u:X>:ide of the present invention 
comprising v tv.pTnorohic mark*: - Sv'vot^-e hybridization of the nucleic acid 
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probe tc the polymorphic marker nuchic acid sequence yields a hybridization 
complex. Ci'r-cuoi'i of the hybridi;;a:ion complex indicates the presence of that 
polyniorp; x :\irke: in the sample. i:i z -efcired embodiments, the nucleic acid 
probe comprises a polynucleotide or the present invention. 
5 Methoci are provided for controlling plant pathogens comprising applying 

an anti-paihcgeaic amount of a protei n or composition of the invention to the 
environment of he pathogens. 3y li con:roIiing plant pathogens" is intended killing 
the pathogen - _r rv?% ?min? or limicin? disuse formation on a plant. By "anti- 
pathogenic ? is intended ?.n .r^ount of a protein or composition that 

10 control? - *: - - : j-:n The protein? nr.d •■. nroosi "ions can be ?pplied to the 

environm^:* r.f oathogen by methods known :o those of ordinary skill in the 
art, 

Th? pro -ems of the invenrior oar. be formulated with an acceptable carrier 
into a pesr^c id : ] oomposinon(s) rha: i- hr ox?.rao!e.. a suspension, a solution, an 
15 emulsion, <: wto nowdrjr a dispeo?irk: ^raouie, a wettabie powder, and an 
emuJsirVP''- r^^-rare. - ; n aerobe i. nn hipregr-tfed granule, an adjuvant, a 
coatablera^ ■ ( -Vi .airo en-apsuki **.= for e?:^rnple. polymer substances. 

v. : rv; sirens disojo-r ! .*>v:ve ma> he obtained by the addition of a 
surface- active agsnu an inert carrier, a preservative, a humectant, a feeding 

20 stimulant, an attractant. an encapsulating agent, a binder, an emulsifier, a dye, a 
U.V protect^:, a buffer a flow agent or fertilizers, m jcronutrient donors or other 
preparations thn* influence plant gro^H. One or more agrochemicals including, 
but not Irruvc ro„ herbicides. inseevcire*?, fungicides, bacteriocides, nematocides, 
moUusciof^i^s, a^anioides, plant growth regulators, harvest aids and fertilizers, can 

25 be corn'oHe • v-t> rarriers, nurfacTP.r: r : adjuvants customarily employed in the art 
of formulation or o'.her components to facilitate product handling and application 
for particular t?r?e r pests. Suitable carriers and adjuvants can be solid or liquid 
and correspond to the substances ominan'y employed in formulation technology, 
e.g. nature! or regenerated mineral svbnances, solvents, dispersants, wetting 

30 agents, th" • ^:^:r, '?mder.> or fertilizers. The- active ingredients of the present 

invenn or. ? - nrnr^iiy aoplied m ^ fonti of compositions and can be applied to 
the o r o * :. or oi : ; nt to t?e tre'i'eo : in> . -vaneorf (y o r in succession, with other 
compounds :> y titled, methods ofapo'virip; an active ingredient of the present 
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invention or a.: agrochemical compcsi.ion of the present invention, which contains 
at lea.st one ; : *he proteins of the present invent: c-', are foliar application, seed 
coating and : oil application. The number of applications and the rate of 
application depend on the intensity of infestation by the corresponding pest. 
5 Sui:ab!e surface-active agents include, but are not limited to, anionic 

compounds such as a carboxylate of, for example, a metal; carboxylate of a long 
chain factv acid; an N-acylsarcosinaie: i; :ono or di-esters of phosphoric acid with 
fatty alcohr : etrn-xv' *xes o r salts or s 7 ;r ^- esre f^ry alcohol sulfates such as 
sodium doc- - d si'ifue, soJiu-m oct^iec/l suifaie or sodium cetyl sulfate; 

10 ethoxvlate'l alcohol sulfate?; ef expiated au.ylpheno! sulfates; lignin 
sulfonate? r^"ro ; etirn sulfonates; e.ikv) a yi sulfonates such as alkyl-benzene 
sulfonates or Irv.-or aikylnaphtatene = ulfrnaies e.g. butyl-naphthalene sulfonate; 
salts of sul for.? "en naphthalene-fomaldehyrie condensates; salts of sulfonated 
phenol-forrnsld-^r/do condensate?: mor*- ■-. omplex sulfonates such as the amide 

15 sulfonate >. i . ; rhr ;u T fonated rordeiv^ti-::- product of oleic acid and N-methyl 
taurine; or d 1 ral + c succinate- e y : . :hr sodium sulfonate or dioctyl 
succina--': ' c-u^ 0 asre-vr. : neiu::> • v: ^ensat : c ; < produc:s of fatty acid esters, 
fatty ajcotv-ls ratrv ?c ; d amides or r . • y il'c 1- or alkenyi-substituted phenols with 
ethylene o/'de. fanv esters cf polyhydric eicohol ethers, e.g. sorbitan fatty acid 

20 esters, condensation products of su r h esT-rs vvith ethylene oxide, e.g. 

polyoxyethvlene ?o-bitar fatty acid este-s block copolymers of ethylene oxide and 
propvlerp oxkte acetylenic glycols *i'ch ss 2. 4, 7, 9-tetraethyl-5-decyn-4, 7-dioh 
orethoxvlrr* ic rrvl-nic glycols. Example* of a oationic surface-active agent 
include, for : ascan^.e, an aliphatic nc-o-. d\ or nnlyamine such as an acetate, 

25 naphthenai? or oieate: or oxygen-containing amine such as an amine oxide of 

polyoxyethy'ene alkylamine; an amide-linked amine prepared by the condensation 
of a carbo/vii.c acid with a di- or po'yarnine; or a quaternary ammonium salt. 

Examples of inert materials include but are not limited to inorganic 
minerals vir:n ?s Kaolin, phyllosih'rates. cnrbonares, sulfates, phosphates or 

30 botanical r x • "2"- i!s Hicb as cork, pcv/d^eJ corncobs, peanut hulls, rice hulls, and 
walnut 

The ::om-y> c, ]tions of the present , r , ven^o n can be in a. suitable form for 
direct aophc rtion or as concentrate o c p.imary composition, which requires 
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dilution wkh r r r vcafcle quantity of '^va-er or ocher diluent before application. The 
pestieida. c-: -.o^r --i; on wili vary deprr:: dirts upon the nature of the particular 
formulatic:-. v:-ech!cal!y, whether k ,.i a concentrate or to be used directly. The 
composition ! remains 1 to 98% of a solid cr liquid inert carrier, and 0 to 50%, 
5 preferably d , to 50% of a surfactant. These compositions will be administered at 
the koeled i ;r: icr -he commercial product, preferably about 0.01 lb-5.0 lb. per 
acre when :v sry fc^n and at about O. J .*. pts. - 10 pts. per acre when in liquid form. 

In ? l:vr--- embodiment, th-e cc^ositions. as well as the proteins of the 
pres^nr in /- r ;n he treated or^" ■d^.rnteticn tc- prolong the activity when 

10 applied to *>r :- r n ; .".''nTT»er f of r-. rare* : pes* a r long as the rretreatment is not 
deleterious ; .o -:hr--. activity, ?uch trefirr/ifinT can be by chemical and/or physical 
means as !o-r£ as : v :e treatment does : t o; de'eteriously affect the properties of the 
coir.r-osi^"n'-:\ c ynrop!es -^f chemical "eagen^ include but are not limited to 
halogen at ir.k aldehvden such u r cr~oaldehyde and glutaraldehyde; anti- 

15 infectives, s ?: : j '*phiran chloride: ?W»ho* ! s, such a? isopropanol and ethanol; 
and 'listo';-:-: - v* ^-■dv-s, -uch as '^"u'ri'i ^v^ ir e and He!!y's fixative (see, for 
exanole.. ; ! a?.;~ Animal Tissue Teoir iq>ies. W H. Freeman and Co., 1967). 

7h.: oc " v-^dons ciri be apjv ; -=d to me environment of apest by, for 
example, s-rravin'-: arornirmg dusdng. ottering., coating or pouring, introducing 

20 into or on the soil introducing into irrigation water, by seed treatment or general 
application c? dusdn? at the time when the pest has begun to appear or before the 
appearance of oest- as a protective mensire. It is generally important to obtain 
good centre ! o; nests in the eariv stages plant growth, as this is the time when 
the plant enn oe most severely damaged The compositions of the invention can 

25 conveniently contrv another insectir.cio or pesticide if this is thought necessary. 

Phnrs to be protected within f he scone of the present invention include but 
are not lin- red to cereals ( wheat, barley, rye oats, rice, sorghum and related crops), 
beets (pijsar bee T and fodder beet), dn.'.pes. pomes and soft fruit (apples, pears, 
plum?, oepches. ?dmonds. cherries, strawberries, raspberries, and blackberries), 

30 legumino!:: i: r-p s rdfalfa, herns, ves" jis, lentils, oear*. soybeans), oil plants (rape, 
mustard. v v, ; : i /es. showers, io -v e- s, coconvts. castor oil plants, cocoa 
beans, od r 'dm?'', cjcvml-er p: -jnt-s ■'/■■a u-cibe^, rnairows, melons), fiber plants 
(cotton, ibx. hemn. iute), cirms frui: 'oranges, lemons, limes, grapefruit, 
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mandar.-i-) - :uetab.s:> (spir.;ich, lettuce, asparagus, cabbages and other Brassicae, 
carrots, oni r ic rorncrtoes. potatoes, p.i ; ?r.k:0, -'auraceae (avocados, cinnamon, 
camphor), deciduous trees and conifers (::.;; linden-trees, yew-trees, oak-trees, 
alders, poplars, birch-trees, firs, larches, pines), or plants such as maize, turf plants, 
5 tobacco, nuts. :offee. sugarcane, tea. hops, bananas and natural rubber plants, as 
well as ornamentals 

In a TT.v.er embodiment, fonr/dkuions of the present invention for use as 
anturicrob:; 1 *«enr terrorist tb? 'md-p^ibcge-nic proteins in a physiologically 
or pbarmacemie^y acceptable carrier.. r;.ch ?.s an aqueous carrier. Thus, 
10 formL T ..b.tioTi= fcr use in the present rn^Tnon Include, but are not limited to, those 
suitable for parenteral administration including subcutaneous, intradermal, 
intrarnuscuhv; . intravenous: and intraarterial administration- as well as topical 
adrninistrar:. <r The formulations may conveniently be presented in unit dosage 
form and nv-> r e : ':reo?.red ?ay c ~ 'h: methods well-known in the art. Such 
15 formuhiTir;.-. 'e de-eribed m ( for ex; rr?p!-% Remington's Pharmaceutical Sciences 
19th ed., Gscd \. Mack Faster '?*, H930). 

In '.re nar.utVicture of a med^rrent recording to the invention, the anti- 
pathoger.ie -^cvioM-ion? are P'piep.dy admixed with, inter alia, an acceptable 
carrier. TV \T:er must, of course,, V acceptable in the sense of being compatible 
20 with anv ore-*- ingredients in the fon*u]?rjon ?r»c must not be deleterious or 

harmful n r\e '>a^ n. The came: r.??y -v> a solid or a liquid. One or more anti- 
palhogemc ^r ^ei:^ nay be incorpo rated s ii >he formulatircis of the invention, 
which may = : tended by any of the we". '-Known techniques of pharmacy 
consisting essenra< ;v of admixing die components, optionally including one or 
25 more accessor^ therapeutic ingredients. 

Formulations of the present invention mav comprise sterile aqueous and 
non-acjueon? ndecpen solutions o^^ e active compound, which preparations are 
preferably .* -'tome -dth *he blood of intended recipient and essentially pyrogen 
free. The;:- radons ™zy o^nf-r-n vvn-o;;id;;nK, buffers, bacteriostats and 
30 solute- *n i . ; ^rt- v • oe rormuiaiion -o" mi,; -/irh tr.e blood of the intended 

recipient. ^ t v: u ; -and non-actuec si-ri je suspensions may include suspending 
agents and dv. vker/.y? agents Tee formulations may be presented in unit dose or 
multi-d;,s- een^iners, for example ?e?. : ed empoeles and vials, and may be stored 
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in a freeze-dnea (lyophilized) coadivicn requiring only the addition of the sterile 
liquid carrier, for example, saiine or water-for-injection immediately prior to use. 

In the formulation the anti -pathogenic protein may be contained within a 
lipid particle 01 vesicle, such as a liposome or microcrystal. which may be suitable 
5 for parenteral administration. The panicles may of any suitable structure, such 
as uniiameil;::- or plurilanr;;lar. so !crg a? vhe targeted cassette is contained therein. 
Positively charged lipids sr.ch as N- " j-dioleoyloxi)propyl]-N,N,N-trimethyl- 
amor»iumTcr.:.}'bi:ifite. or "DOT.A" 0 ' . :ce irg-licularly preferred for such particles 
and vesicles The pr^oarauon of .such !ir-'d particles is well-known. See, e.g., U.S. 
10 Patent Nos. 4,380.63 5 to hnoff et cil : 4.<>06.477 to Kurono et al\ 4,91 1,928 to 

Wallach; ^!7«>>} n Wallach; 4.920.0 '6 t? Allen et al: 4,921,757 to Wheatley et 
ai\ etc. 

The cb?a?e of the anti-parhoeeni?. *? r oteir. administered will vary with the 
particular n* e~hoi c ^dm^istmion.. 7 he condition of the subject the weight, age, 
15 and sex of th ; r>;ihie :.'. the particular orr< jlation. the route of administration, etc. 
In gene^sl. the p'-Mnn wi!'. be admr : sre r ;i i in ?. r?rige of about Iftg/L to about 
lOg/L. 

The r o!!c^vinn examples £.r: effr^d by w?.y of illustration and not by way 
of limitation 

20 

FXPFR1MFNTAL 

Plant material 

Sunflower plants were grown in the greenhouse and growth chamber. The 
25 sunflower line SMF 3 and oxox -transgenic sunflower (line 193870 and 610255 ) 
were used for RNA profiling study by CuraGen using methods described in U.S. 
Patent No. 5.871.697 to Rothberg et al. and U.S. Patent No. 5.972,693 to Rothberg 
et ai f both incorporated herein by vcf-zr.ee Sunfower pathogen. Sclerotica 
sclerotiormn was maintained cn pbu* ax ?.0°H jn dark. 

30 

Pre parat ion of L.RNA§-tfiL_RN A Tggjihng study andN orthem analysis 
Plant materials were ground in !kj?:id nitrogen, and total RNA was 
extracted by tbe Tri-Reagent Method (Sigma). For each RNA profiling study, RNA 

44 



WO 00/78983 



PCT/USOO/17090 



samples from 6- week -old sunflower leaves arid stems of transgenic sunflower 
plants expressing a wheat oxalate oxidase gene were compared with those from 
sunflower line S.MF3. Total RNA (20 fag) was separated in a 1% agarose gel 
containing formaldehye. Ethidium bromide was included to verify equal loading 
5 of RNA. After transfer onto Hybond N+ membrane (Amersham), the blots were 
hybridized with "P-labelled PR5, defensin or BBE cDNA probes. A duplicate blot 
was hybridised \vi:h an 18S rRNA probe as a control. Hybridization and washing 
conditions i^ye performed .according to Church e: at. (1984) Proc. Natl. Acad. ScL 
USA 57:1991-1995. 

10 

RNA p rofiling ve^brology 

TctsI RNA v/as analyzed using the gene expression profiling process 
(GeneCallinp?) zr> described in U.S. Patent No. 5,871,697, herein incorporated by 
reference. A ri-mher of distinct transcripts increased in abundance following the 
15 oxidative burst aid c'ONAs corresponding i:> a portion of these transcripts were 
cloned ano s-;c;u?rced. 

Isolati on ?f AJf-ie'^'h or flanking sequences by PGR amplification of cDNA ends 
Three defense -related cDN As wet ; solated by using RNA profiling and 

20 PCR-based technologies. RNA profiling studies were conducted through the 

collaboration wirh CuraGen Corporation. Figure 1 illustrates the cloning strategy 
used. The sequence -'nformation generated was used for designing gene-specific 
primers to amplify both 3' and/or 5' end regions of the target genes using the PCR- 
based, RACE method. Sclerotima-infected and oxox-induced cDNA libraries or 

25 cDNAs mad:* v.sing a Marathon cDNA Amplification Kit (Clontech) were utilized 
as a source of templates for PGR amplification. To facilitate cloning full-length 
cDNAs from the initially cloned regions, we designed a pair of 28 bp vector 
primers flanking cDN \s on the both ends G' and 5') of the pBS vector and 
directional 'fy amplified either the 5' or v en*: 1 nf a cDNA with one of vector primers 

30 (pBS-upper or pf3S-i.ower) and a gene-specific primer. Once the anticipated 5' end 
of a specific gene with 2n intact ATG start codon was cloned and sequenced, the 
full-length cQN A was emnV.fied usin? a second gene-specific primer containing 
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corresponding to secuence upstream of the ATG and a vector primer at 3' end. 
The PCR products were cloned and sequenced by standard methods. 

PCR reactions were performed in a total volume of 25 |ul in 10 mM Tris- 
HC1, pH 8.3; 1.5 mM MgCi 2 ; 50 mM KC1; 0.1 mM dNTPs; 0.25 yM of each 
5 primer with 0.5 units of advantage cDNA polymerase mix (Clontech) or Pwo DNA 
polymerase (Boehringer). Genomic DNA and/or cDNA library mixtures were 
used as a source of templates for PCR amplification. 

Isolation o f pathogen -inducib l c prom oters 
10 Promoter regions of PR5. drfensin. ard BBE were isolated from sunflower 

genomic DNA usinj Universal GenomeWalker Kit (Clontech) according to the 
manufacturer's instructions. Restriction di?ested genomic DNAs were ligated with 
an adapter to construct pools of genomic DNA fragments for walking by PCR 
(Sieben e.' (1995^ Nuc. Acids Rcj 2^*1087-1083). 

15 

Anal y si s o - an > r> ) \ fi e d PCR ore d ucts 

Arnpi ;f ied p CR fragments with the expected sizes were individually sliced 
out of a g:rl r . a sercrd round of PCR arnplification with the same conditions as 
the initial V 'C>;. Hach second-round PCR pi-oduci yielding a single band of the 

20 expected size wrjs cloned into a TA vector (Clontech) according to the 

manufacturer 1 ': instructions Identified positive clones were selected for DNA 
sequencing usrg an Applied BioSysterns 373A (ABI) automated sequencer at the 
Nucleic .Acid Analysis Facility of Pioneer Hi-Bred International, Incorporated. 
DNA sequence a:ir*lysis was carried out with the Sequencer (3.0). Multiple- 

25 sequence alignment ? fCIusiaJ W) of the DNA sequence were analyzed with the 
Curatool (CcnCnn). 

Con struction r f^e Sclerorinir-infeo^.'C 1 zvA resistance-en hanced (oxox-induced) 
sunflower cD\' a Maries 
30 S:x-vesk-old SMF3 sunflower plants were infected with Sclerotinia 

sclerotriurr by petit; ie inoculation v/irh Snlerotwia-mfesXtA carrot plugs. Six days 
after infect: ! e^ f irA stem tissues werr ooMeeted from infected plants for total 
RNA isolation. Totil RNA was also isolated from sunflower oxox -transgenic 
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plants (line 610255) expressing a wheat oxalate oxidase gene at the six-week stage. 
Previous stuclis:-: have shown that elevated levels of H2O27S A, and PR1 protein 
were deduced in oxox-transgenic plants at six-week stage and the plants showed 
more resistance to Sderotinia infection (WO 99/04013). The mRNAs were 
5 isolated using an mRNA purification kit f BRL) according to manufacturer's 
instruction. cDNA libraries were constricted with the ZAP-cDNA synthesis kit 
into pBiuescrip pnaeemid (Stratagene). A cDNA library mixture for PCR cloning 
was made of cxrr< transgenic stem and Sclerotinia-infected leaf libraries (1:2 mix). 

10 Fung al inre-ficn and chw.^l^t^raentj. 

Sunflower pkms SMF3 were planted in 4-inch pois and grown in the 
green hou-e hx fo^r v/eeks. After transfer to the growth chamber, plants were 
maintained, vr.der 12 hour pbotoperiod at 22 C C w:th a 80% relative humidity. Six- 
week- old );<'•-• v-: ^ -re inoculated v/irh Sderctinia- infested carrot plugs or sprayed 

15 with one of four different chemical treatments. For each plant, three petioles were 
inoculated ard v, Tripped with 1x2 inch parafilm. Plant tissue samples were 
collected -:-r different fme points bv immediately freezing in liquid nitrogen and 
then sterer r.: -80 :r 

20 ^TiFAl* 

RNA pron : ;:i£T study o f ox ox-trans p ?nic sunflower p lants 

Re^i trance to the fungal pathogen Sderotinia is a trait of major importance 
for crops such as sunflower, canola, and soybean. Sunflower Sderotinia disease 
can be esu?h isV^i at various developmental stages with the main targets being 

25 head, steir. : :~n<*. root tissues. This suggests that resistance genes need to be 

constitutive :y expressed in multiple tissues. The major toxic and pathogenic factor 
produced by Sderotinia is oxalic acid that can be converted into H2O2 and CO2 by 
oxalate r w . a candidate gene fo^ detoxifying oxalate is the wheat oxalate 
oxidase foxnv) whurh ha^e been used to transform a sunflower inbred line. 

30 Expression r . .f o\ry< .-•/ a constitutive promoter significantly enhances resistance to 
Sderotinia i-i - .r f lower, hi a growth chamber experiment lesion size was six-fold 
lower in ox.vx-vsnsgenic sunflower plant? upon infection with Sderotinia mycelia 
relative r:< '/^^pr^rmed oiants. At the six-week-old stage, the oxox-transgenic 

47 
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sunflower plants displayed a lesion mimic in the mature leaves. The enhanced 
Sclerotima resists -ru'e of sunflower oxox transgenics is closely related to the 
observed eb /aieu levels of SA and PR proteins (WO 99/04013). 

In the RNA profiling analysis. 30 bands were induced and 30 bands were 
5 repressed in the oxox-transgenic stem and leaf tissues compared to non- 
tram, formed SMFj slants. Three of :he induced bands were sequenced (Tablel), 
and the sequence in formation was used to clone the full-length clones. 

Clon ing o rT- ;! 1 - ) e n v :h c DN A 3 re 1 ated ioj \ in tie >w>: r disease re sistance 
10 A PC? -V*ed cloning method developed to efficiently isolate fiill- 

length cDN As of :h--. plant defense gen?f;, from sunflower cDNA libraries (Figure 
2). A cDVA library mixture containing both oxox-transgenic cDNA library and 
Sclerotitis- infected cDNA library nir) was used as template for PCR 
amplificaror I hw-: cDNA libraries as DNA template in PCR amplification had 
15 two benefits: (11 the number of unexpected PCR products was reduced as 

compared :r ga-tomi" DN A as a source of ^emulate, and (2) disease-induced cDNA 
libraries i:-::.-03?ed \:*e chance cf isolatin-? defense-related genes. To facilitate 
cloning ::\ " -l^r.^r cDMAs -rom the imrial cloned regions, we designed a pair of 28 
bp vecto" printers (Table 1 ) flanking cDWAs on the both ends (3' and 5') of the 
20 vector and ch'rectionaliy amplified either the 5' or 3' end of a cDNA with one vector 
primer and ?. gerte-soecific primer (Figu re 1 and Table 1). The anticipated 5* end of 
specific gene with the intact ATG start codon was cloned and sequenced. The full- 
length cDW A wa? amplified usine a second gene-specific primer containing 
sequence upstream of the ATG and a vector primer at the 3' end. The PCR 
25 product? were cloned and submitted to sequence xnalysis. 

Table I provides RNA profiling bc.nd sequences (PBS) and oligonucleotide 
sequences used for PCR amplification of the cDNAs and promoter regions. 
Oligonuci : .<de ^'PS-upper (P.?) ana PBS-Iower 'P*) were two primers located at 
the ends ofcPNA. library vector, 3S indicated in Figure 2. For each targeted gene, 
30 two or tlr^e gene-:^:eeifk t rimers were made to complete the 5'- end RACE (PI), 
the 3 - end P.A<7i: t. p 2\, and the iuii-iengxh RACE.(P5). The additional antisense 
primers were made : or cloning promoter regions of PR5, defensin, and BBE, using 



WO 00/78983 



PCT/USOO/17090 



the GenorceWalksr kit (Clontech) (Band hOaO-23 1 .3. PR5; band d010-l 13.9, 
defensin; an::' nOsO- j 52.7, BBE). 

Table 1: O ligonucleotide sequences used f or PCR amplification of cDNAs and 
promoter regions .: 

5 

cDNA cioning: 
Library vector (pBS): 

PBS-utper: GCGATTAAGTTGGGTAACGCCAGGGT (SEQ ID 

NO:26) 

10 PBS-Iower: TCCGGCTCGTATGTTGTGTGGAATTG (SEQ ID 



PR5: 

hi)') j-,? ^ 1 .3 : 

15 TGaTCAGTTTTGTACACGGTGCA.\GGGTTATTGCACCCGCCAGA 

gcccgtaactcnccaggacactggccattgatatccgcagtaca 
tgag^taccccgggtgcacccattagaattgggtctaaacacca 

TCGC;CACATTGAATCCGTCCACA\GAGAAATGTCAAAGAAATCA 
AGAITGTTGAACTGGTTCCaAGCGTACTCGGCCCATGTGTTTGG 
20 OTOGOGTACC (SEO ID NC:?8) 



Srr.. • CCGA'iTACGCTTTAAC'CAGT (SEQIDNO:29) 

A- ::.;■„■; TCCGC i.VJ'fAC.-/ '"GAGATACCC (SEQ ID NO: 30) 

25 rui: RACE: ACAATGACAACCTCCACCCTTCCCACTTT (SEQ ID 

A'O'''] 

(-"5 



Dcflfijin: 
30 iZW.i.l: 

TCTG GAC CATGTCTGGCTTGCCTTCTCACATAATTCTCCTTTCAC 
CG a TCCG ATTTCTGAG ATAGCAAOAACAAAG AGAAGCAGAAGA 
AAAGCAT TGAAAGCAACTGAAATT (SEQ ID NO:32) 



35 A -s*.v,e. GACCATG TCI GGCITGCCTTCTCACA (SEQ ID 

NO:3 j ) 

fvl R/ CE: GA GCTTG AGCTTA GTTCAGTAACTTAAAAATGGCC 
(SEQ ID NO:34) 

40 

-0-.-15A7. 

TG'i ACACaTTTGGTGGGAAGATGGAGGAGTACTCAGATACAGCA 
.', . CGTATCCCCATAGAGi?TGGGGTGTTGTACCAAGTGTTCAA 
45 '." ... o ■;gtggacttcctcc AT ACCCTTCGGACAAGACCTTGATAT 

C- C n GAGACGGTTGGCTTGGCTCCGAAGCTT (SEQ ID NO: 35) 
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5 



Sense: 
A-se?ise: 
Full- RACE: 

(P5i 



CCAACCGTCTGAGTGATATCAAGG (SEQ ID NO:36) 
GGGAAGATGGAGGAGTACTCAGAT (SEQ IDNO:37) 
CGGCACJGAGTAACTCTCGTTCAGTGTTCC (SEQ ID 



Promoter cloning, 
AP Primer: 



GTAATACGACTCACTATAGGGC (SEQ ID 



10 



NO:J9) 

PR:" ^-sense2: 



BB'5 A-sensc2: 



CGAATAGTGAACACGGCTGCATTGGT 
(SEQ IDNO:40) 

G CTGC AGCTTG CC A A ATGG GT ATGTA 

(SEC !DKO-41) 



15 * Oligonucleotide PBS-upper (P3) and PBS-lower f?4) were two primers located at the ends of 
cDNA librar* vector, as indicated in Figure 2. For each targeted gene, two or three gene specific 
primers were tnaae *o complete the 5' end RACE (Pl) ; the 3' end RACE (P2), and the fuli-iength 
RACE (P5\ The additional antisense primers were made for cloning promoter regions of PR5-1 
and BBE, . : . ^ tr i :enc.ne walker kit from Clo-xcch. Band hOaO-23 1 .3, PR5-1: band d010-l 13.9. 

20 defensin; a .v',s0- !62.*\ BSE 

Cloning ; ir-. ver PR5-I cDNA a.nd iis.:xr:> niote r 

A f^.i-knsth ?DNA encoding n^thcgenesis-related protein-5 (PR5-1) was 
isolated ^oir su..i£o*-.ver. The nucleotide sequence of PR5-1 is set forth in SEQ 

25 ID:4 and ihe amino acid sequence encoded by this nucleotide sequence is set forth 
in SEQ ID: i . The sunflower PR5-1 protein with its amino-terminal signal sequence 
is 233 aroint acids in length with a calculated molecular mass of 25 kDa and a pi 
of 6.71. Debase searches with predict':! amino acid sequence revealed significant 
sequence sir/'iianty with previously reposed PR5 proteins from other plant species. 

30 The 5'-fLaidng sequence of the PR5-J gene contains two potential pathogen- 
responsive MFE-Iike elements. These elements have the sequences TGTAGG 
(nucleoli^;. 27-28. SEQ ID:7) and A AC AAA A (nucleotides 247-253, SEQ ID:7). 
The PR5-1 pro :noter region also contains a CAAT box (nucleotides 438-44 L SEQ 
ID:7) and ?. [AT A box (nucleotides 485-4W. SEQ ID:7). Figure 2 shows the 

35 alignment o r -vnir.c acid sequence of FP.5-; from sunflower with other PR5 or 
osmotin-i:-' : iTotems from gr^.re. soyh^.v:.. tomato., and potato. Sunflower PR5-1 
shows t ! :e r-'rn^[ sequence similarity to P21 protein (78% amino acid identity; 
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80% similarity ) from soybean (Swiss-Prot P205096) followed by the osmotin-iike 
protein from grape (Swiss-Prot O0470S ; 72% amino acid identity; 77% 
similarity 1 !, ! -vhere sequence comparisons were pe r formed with the GAP algorithm 
described above using default parameters. 

5 

Berberin e Brie! ge En zyme (BBE) cDNA and its promoter 

A fuU-length cDNA encoding a BBE homologue was isolated from 
sunflower Th"* fiiU-Iength cDNA set forth in SEQ ID:5 is 1 809 nucleotides long 
with an op-rn reading frame encoding a orotein of 542 amino acids (SEQ ID:2) and 

10 a calculate-:;' molecular mass at 61.41 kDa and a pi of 8.18 (Figure 5). The BBE 
promoter rr v.ion contains a potential MR E-Iike element with the sequence 
TGTAGG nucleotides 139-144, SEQ H>:8). The BBE promoter also contains a 
CAAT ho;: (nucleotides 278-281, SEQ ID:8), and a TATA box (nucleotides 485- 
490, SEQ [D:SV The isolated cDNA shares homology with BBE cDNAs from 

15 California poppy 2nd opium poppy (Figure 3) and two published sunflower 

cDNA's e-.cxhap, carbohydrate oxidases f WO 98/13478), which have antifungal 
activity, s; j > -•■feally against Phvtoohikcra and Pythium species (Figure 3). The 
amino ac ::■ -;--:uence alignment indie a*:^ 42% identity and 52% similarity between 
the sunf) ••>-•' ?BE and the previously painted sequences (Sunflower-15 and 

20 Sunflower- / fro*n WO 9S/134 7 S}, whe:;e the comparison was performed with the 
GAP algorithm described above using the default parameters. 

Induc ible y:p r ;o\\r defensin cDNA. and promoter ' 

Th? > jnflower defensin cDN A is 556 nuclotides long with an open reading 

25 frame st3i":.v: at nucleotide 36 arc! ending at nucleotide position 362 (SEQ ID:6). 
The dedtio .v colypeptide -s 108 smho acids long and contains a putative signal 
peptide a ih? pm : nc- term : nal erd (SEQ FD:3). The cloned defensin promoter 
contain? tv/c. W--oxes with the nucleolick sequence TTGACC (nucleotides 221- 
226, and nucleotides 1075-1080, SEQ ID:9), and a G-box with sequence CACGTG 

30 (nucleotide:; 5-54-569. SEO ID:9) ^bese cis-elements are potentially related to 
plant de^r.j-e v^nonse. The defers r: p^oT.oter also contains a TATA box 
(nucleotide- ' 7 --:o0. SEQ ID:9).The i^oiem ha? significant homology to other 



51 



WO 00/78983 



PCT/USOO/17090 



reported plani ddensins (Figure 4 k Eight important cysteine residues in this novel 
defensin ucro highly conserved among ail other known plant defensins. 

Accumuta tic:; of PR5 -1. d e fensin and 3BE transc ripts in response to fungal 
5 pathogen infrcti on and chemical trea tments 

Thr; expression of many of PR5 and defensin genes were induced by biotic 
and abiotic stresses (Terra etal (1988) Plama 206:1 17-124); Ward etal. (1991) 
Plant Ce J} : ; 1085-1 ( '94). Oxalic acid fC.VU a compound produced by Sclerotinia 
and many -r-ther fur^al pathogen? pla-::a, plays m importanr role in the disease 

10 infection proves ; (Noyes et al (1981) Physiol Plant Path, 78:123-132). Salicylic 
acid, jasmon c d <md H?0: have been implicated as having a central role in plant 
disease re?isr?nce and systemic acquired resistance, and have been shown to 
induce the accumulation of many PR proteins including PR5 protein and defensin 
xnArabidcpvi? <B1eoherf etal. (1995) Pr:c. Natl. Acad. ScL USA 92:4099-4105; 

15 Terras.'. P'c.nta ^:lP-]2^ Noyes et al (1981) Physiol Plant Path. 

7<S:123-H r ) 

Si x-'.vet 1 > rl:' sunflower phvrts -r?rz either inoculated with Sclerotinia or 
treated wfvh j; rf^rx : nr chemical? Plants '-lociJated with Sclerotinia showed wilt 
symptoms o^; inoculated leaves 24 hours inoculation and lesions started to 
20 spread to the: main stem 3 days after infection. For the infection experiment, plant 
tissues were co ! !ected at 0 r 6, 12, ?A hours, and 3, 6 and 10 days after infection. 
Chemical-treated plmts were collected z' 0. 6, 1 2, and 24 hours after foliar 
application. 

Northern blot analysis revealed that sunflower PR5-1 protein was induced 
25 in leaf and stem tissues* of the SclcrotimaAnfezted and oxox transgenic plants. 
RNA proving indica-ed that PR5-) transcript level in the oxox transgenic plants 
was 9-foki higher than in the untrapsformed line (SMF3). Northern results 
indicated rh;r the sunflower PR5-? was up-regulated significantly by Jasmonic 
acid (45 u M"- 'nd oxalic acid (5 riM). Ur- regulation was less pronounced between 
30 contrc 1 rri salicylic acid, and HiO? treated samples. 

F 91: trcn:;cvipt5 were high!-/ induced in ox.ox-transgen.ic and Sclerotinia 
infected s mf!-r /;-r leaves. However. BBE transcripts were not detected in either 
contro). cr : :: :, c ;d yc*z\ samples. ^brth-rn bio: analysis confirmed the RNA 
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profiling result of increased BBE transcripts in oxox transgenic plants. The 
chemical ^r.rjcr/ior. experiment revealed that BBE expression was induced by 
oxalic acid, H2O2, SA and JA at early time points and returned to the normal level 
within 24 hours aner application. 
5 The expression of the isolated sunliower defensin gene appeared to be 

different from oiher defensin genes. In general, plant defensin genes such as 
Arabidopsis PDF 1.2 and radish defensin are induced by pathogens via an SA- 
indepena^nr c- ^j ja -dependent path^y. Northern results indicated that the 
sunflow-sr ■: efe^in was up-resulted si5"ific3r.t?y by salicylic acid (5 mM), oxalic 

10 acid (5 rmVP ani H>0? (5 nM). However, there was little difference between 
control end Jasmonio acid treated samples. 

Dete^'iin transcript levels were swaificantly higher in samples from oxox 
transpeni? plan? relative to levels in control plants. Northern analysis revealed 
that sunfiow?r cefensin was induced in leaf tissue of the Sclerotinia-infected and 

15 oxox tra^eepie nianrs, A time course s 'my showed that defensin, PR5-1 and BBE 
tran:;c rip <s: were highly induced in oxox- Transgenic tissues at the 6-week-old stage. 
These rei- .; ^c± : a:e thai the defense r^: ways were activated in oxox transgenic 

Sunflower ' r=, rr 3T:ifie. 

^ i] pjb ici^ons and patent apo i; arions mentioned in the specification are 
20 indicative the level of those skilled in the art to which this invention pertains. 
All puWicaviorr. end patent applications are herein incorporated by reference to the 
same ex ten v ?.s if each individual publication or patent application was specifically 
and indi -".dually indicated to be incorporated by reference. 

L \'U:.oi i s(t\ the foregoing rr. vender ha? been described in some detail byway 
25 of illustra- and example for purposes of clarity of understanding, it will be 

obvious iha* eef raH changes and moderations may be practiced within the scope 
of the appended claims. 
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THAT WHICH IS CLAIMED: 
] . A rrethod for increasing pathogen resistance in a plant, said method 
compris:.n«. rans fonriing said plant ' -vith 2. DNA construct comprising a nucleotide 
sequence sels ;ted from the group consisting of: 
5 a) sunflower PR5 homoiogue; 

b) a nucleotide sequence encoding the amino acid sequence of SEQ 

ir>„ 1 . 
XLJ . i , 

c) the nucleotide sequence set forth in SEQ ID:4; 

d) 3 nucleotide sequence thai shares at least 60% identity to the 
10 sequence of SEQ ID: 4; 

e) a nucleotide sequence deposited as Patent Deposit No. PTA-67; 

f) u sunflower defensin homoiogue; 

0) a nucleotide sequence encoding the amino acid sequence of SEQ 

ID: 3; 

15 h : the nucleotide sequence set forth in SEQ ID: 6; 

1) i nucleotide sequence that shares at least 60% identity to the 
s?r; er.ee of SEQ JD:5: 

, ? a nucleotide sequela.; dtp jsited as Patent Deposit No. PTA-75; 
k ) a sunflower BBE homoiogue; 
20 \) a nucleotide sequence encoding the amino acid sequence of SEQ 

JD:2; 

rr ) the nucleotide sequence se* forth in SEQ ID:5; 
n) a nucleotide sequence ltm\ shares at ieast , 60% identity to the 
sec.L.ence o; SEQ J':^:i. 
25 c} a nu ecocide seque \ct dcixsited as Patent Deposit No. PTA-73; 

0) a nucleotide sequence that hybridizes to the sequence of any one of 
a)-o) under stringent conditions; 
wherein said nucleotide sequence is opeiably linked to a promoter that drives 
expression o f a coding sequence in a plant cell and regenerating stably transformed 
30 plants. 
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2. The method of claim i . wherein said stringent conditions comprise 
hybridiza:ion in 50°/? forniamide, IM N"aC!, 1% sodium dodecyl sulphate at 37° C> 
and a wash in 1 5 mM Nad, 1.5 mM Imodium citrate at 60°C 

5 3. The method of clam: 1 f wherein said pathogen is a fungal pathogen. 

4. The method of claim 1 , wherein said plant is a dicot. 

5. The meth?d of chin* 1. wherein said plant is a monocot. 

10 

6. The method of claim 1. wherein said promoter is a constitutive 
promoter. 

7 . The method of claim 6, wherein said constitutive promoter is 
15 selected from the scpl or ucp promoter 

8. The Method of claim 1 , wherein said promoter is an inducible 
promoter. 

20 9. The method of claim 8, wherein said promoter is a pathogen- 

inducible promoter. 

1 0. A plant having stably incorporated into its genome a DNA construct 
comprising a nucleotide sequence selected from the .group consisting of: 
25 a) a sunflower PR5 homologue; 

b) a nucleotide sequence encoding the amino acid sequence of SEQ 

ID:1; 

c) the nucleotide sequence set forth in SEQ ID:4; 

d i a nucleotide sequence thai shares at least 60% identity to the 
30 sequence of SEQ !D:4; 

e) nucleotide sequence deposited a? Patent Deposit No. PTA-67; 

f) a sunflower defansin homologue; 
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g) a nucleotide sequence encoding the amino acid sequence of SEQ 

ID:3; 

h) the nucleotide sequence set forth in SEQ ID:6; 

i) a nucleotide sequence that shares at least 60% identity to the 
5 sequence of SEQ ID:6; 

j) a nucleotide sequence deposited as Patent Deposit No. PTA-75; 
k) a sunt lower BBE homologue; 

I) a rruc-eotide sequence encoding the amino acid sequence of SEQ 

ID:?.; 

10 m) ths nucleotide sequence set forth in SEQ ID:5; 

n) a nucleotide sequence that shares at least 60% identity to the 

sequence of SEQ ID: 5; 
o) a nucleotide sequence deposited as Patent Deposit No. PTA-73; 
p) a nucleotide sequence f hat hybridizes to the sequence of any one of 
15 h> o) under stringer? conditions; 

wherein said nu cl-f^tide sequence :s operably linked to a promoter that drives 
expression of a ending seouence v r a plant cell. 

1 1. The Tvam of claim 10 : wherein said stringent conditions comprise 
20 hybridization in 50% formamide. 1 M NaCL 1% sodium dodecyl sulphate at 37° C, 

and a wash in i 5 mM NaCh 1.5 mM trisodium citrate at 60°C 

12. o the pknt ac-ordinQ lo claim 10. 

25 1 3. A plant cell having stably incorporated into its genome a DNA 

construct comprise a a nucleotide sequence selected from the group consisting of: 

^) a sunflower PR5 hciA0>>r*uc; 

b) <. nurveotide sequent encodin? the amino acid sequence of SEQ 
ID;!; 

30 c) thi? nucleotide seoi<=-nce r^ r f brth i n SEQ ID:4: 

d) a nucleotide sequence that shares at least 60% identity to the 
sequence of SEQ 1D:4; 

e) a nucleotide sequence deposited as Patent Deposit No. PTA-67; 
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f) .-.unuower defensin nomoiogue; 

g) a nucleotide sequerxs encoding the amino acid sequence of SEQ 

IDJ: 

h) die nucleotide sequence set forch in SEQ ID:6; 

5 i) a nucleotide sequence that shares at least 60% identity to the 

sequence of SEQ ID:6: 
j) a nucleotide sequence deposited as Patent Deposit No. PTA-75; 

k) a -T^ov/er E*BE v 0'5:;e: 

1) i nucleotide sequirxe encoding the amino acid sequence of SEQ 
10 ID:2; 

m) v >! e nucleotide sequence set forth in SEQ ID:5; 

n) a nucleotide sequence that shares at least 60% identity to the 

sequence of SEQ ID:5; 
o) a nucleotide sequence deposited as Patent Deposit No. PTA-73; 
15 p) a nucleotide sccuer that hybridizes to the sequence of any one of 

z Mnder s*ringen^ conditions; 
wherein said n':cko :)de sequence is operably linked to a promoter that drives 
expression of? coning sequence in a plant cell. 

20 14. The plant cell cf claim 13, wherein said stringent conditions 

comprise hybridization ir. 50% formamide. IMNaCI, 1% sodium dodecyl sulphate 
at 37° C, and a wash in 1 5 mM NaCL 1.5 mM trisodium citrate at 60°C. 

1 5. An isolated nucleic acid molecule having a nucleotide sequence 
25 selected from the group consisting of: 

a) a sunflower PR5 homologue; 

b 1 ) a nucleotide sequence encoding the amino acid sequence of SEQ 

ID: I ' 

c) *he ivaclectide szztvxce set forth in SEQ ID:4; 
30 d) a nucleotide sequence that shares at least 60% identity to the 

sequence cf SEQ fD:4: 

e) a nucleotide sequence deposited as Patent Deposit No. PTA-67; 

f) a sunflower deferism. homciogue; 
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g) a nucleotide sequence; encoding the amino acid sequence of SEQ 

IP:3; 

h) the nucleotide sequence set forth in SEQ ID:6; 

i) a nucleotide sequence that shares at least 60% identity to the 
5 sequence of SEQ ID:6; 

j) a nucleotide sequence deposited as Patent Deposit No. PTA-75; 

k) a sunflower BBE homoiogue; 

1) a nucleotide sequence encoding the amino acid sequence of SEQ 

ID:?.: 

10 m) the nucleotide sequence set forth in SEQ ID: 5; 

n) a nucleotide sequence that shares at least 60% identity to the 
sequence of SEQ 10:5; 

o) a nucleotide sequence deposited as Patent Deposit No. PTA-73; 

p) a nucleotide secuence thst hybridizes to the sequence of any one of 
15 a<-o) under stringent conditions. 

16. The nucleic acid molecule of claim 15, wherein said stringent 
conditions comprise hybridizatior in 50% formamide, 1M NaCl, 1% sodium 
dodecyl sulphate ?.t ?7° C, and a wash in 15 mM NaCI, 1.5 mM trisodium citrate at 

20 60°C 

1 7. A DMA :,or.Sin;cr corcrrisinr; ? nucleotide sequence of claim 15. 

18. A vector comprising a nucleotide sequence of claim 17. 

25 

19. A substantially purified protein molecule having an amino acid 
sequence selected from the group consisting of: 

a) asunflov/erPR5; 

h; the cmino acid swenre se- forth in SEQ IDA: 
30 c) an amino acid sequence that shares at least 60% sequence similarity 

to the sequence of SEQ ID:!: 
d) an amino acid sequence encoded by the nucleotide sequence 
deposited as Patent Deposit No. PTA-67; 
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e) a sunflower defensin; 

f) the amino acid sequence set forth in SEQ ID;3; 

g) an amino acid sequence that shares at least 60% sequence similarity 
to the sequence of SEQ ID:3; 

5 h) an amino acid sequence encoded by the nucleotide sequence 

deposited as Patent Deposit No. PTA-75; 
i) a iLn.i'iower BBE: 

j) " the amino acid sequence set forth in SEQ ID:2; 
k) an amino acid sequence that shares at least 60% sequence similarity 
10 to \h- sequence of SEQ ID:2; 

1) an miino ac : d seq'/e.ice encoded by the nucleotide sequence 
deposited as Patent Deposit No. PTA-73. 

20. m promoter capable of driving expression in a plant cell said 
15 promoter selected frr.v. the group consisting of: 

a) p "orriote: that drives exore.-rion of a sunflower PR5 gene in its 

r\3iv e .star-?: 

b) ? p r '--not?r -vhose ceouerce is immediately 5' to the sequence set 
fo*th in SEQ ID:* in its native stste; 

20 c) a promoter having the sequence set forth in SEQ ID:7; 

d) n promoter that drives expression of a sunflower defensin gene in its 
ns.tive state; 

e) a promoter having the sequence set forth in SEQ ID:9; 

f) a promoter whose sequence is immediately 5' to the sequence set 
25 forth in SEQ ID:6 in its native state; 

g) a promoter having the nucleotide sequence deposited as Patent 
Deposit No. PTA.-560; 

h) a promoter that rinves expression of a sunflower BBE; 

i) a promoter whose sequence is immediately 5' to the sequence set 
30 ToiTh in SEQ ID-5 in its native state; and 

j) a remoter having the sequence set forth in SEQ ID:8. 



21. 



A DN A construct comprising a promoter of claim 20. 
60 



WO 00/78983 



PCT/US00/17O90 



22. A vt-cvor comprising a nucleotide sequence of claim 20, 

23. A plant comprising a nucleotide sequence of claim 20 stably 
5 incorporated in its genome. 

24. A plan cell comprising a nucleotide sequence of claim 20 stably 
incorporated in us genome. 

10 25. A composition comprising a protein of claim 1 9, and a carrier. 

26. The composition of claim 25, wherein said carrier is selected from a 
surface active agent, an inert carrier, an encapsulating agent and an agrochemical 
pharmaceutical cavrv- 

15 

27. Th e composition of claim 25, wherein said carrier is a 
pharmaceutical car- - 

28. A riistbod for ccnre-^ng a plant pathogen comprising applying an 
20 anti-pathogenic amount of the protrin of claim 1 9 to the environment of said 

pathogen. 

29. The method of claim 2P> wherein said protein is applied to a plant. 

25 30. The method of claim 28 wherein said protein is applied by a 

procedure selected from the group consisting of spraying, dusting, scattering and 
seed coating. 

31. A met hod for controlling a plant pathogen comprising applying an 
30 anti-pathogenic amount of the composition of claim 25 to the environment of said 
pathogen. 
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CLUSTAL W (1.7J multiple sequence alignment 



P93621 MGLCKILSISSFLLTTLFST'SSYARTraXQNHCSYTVWAAAVP-GGGMQLGSGQSWSLNV 

004708 MRFTTTLPILIPLLLSLLFTSTHAATrDILNKCTYTVWAAASP-GGGRRLDSGQSWTITV 

P25096 ARFEITNRCTYTVWAASVPVGGGVQLNPGQSWSVDV 

PR5-lsun MTTSTLPTFLLLAILFKYTNAAVFTIRNNCPYTVWAGAVP-GGGRQLNSGQTWSLTV 

Q01591 FTFLLAFVTYTYAATFEVRNNCPYTVWAASTPIGGGRRLDRGQTWVINA 

P50701 MAYLRSSFVrFLLAFVTYTYAATIEVRNNCPYTVWAASTPIGGGRRLDRGQTWVINA 

P93621 NAGTTGARVWGRINCNFDASGNGKCETGDCGGLLQCTAYGTPPNTL-AEFAIiNQFSNLDF 

004708 NPGTTNARIWGRTSCTFDANGRGKCETGDCNGLLECQGYGSPPNTL-AEFALNQPNNLDY 

P25096 PAGTKGARVWARTGCNFDGSGRGC?CQTGDCGGVLDCKAYGAPPNTI.-AEYGLNGFNNLDF 

PR5-lsun AAGTAGARIWPRTNCNFDGSGRGRCQTGDCNGLLQCQNYGTPPNTFGSEYALNQFNNLDF 

001591 pRGTKMARIWGRTNCNFDGDGRGSCQTGDCGGVLQCTGWGKPPNTL-AEYAIiDQFSNLDF 

P50701 PRGTKMARIWGRTNCNFDGAGRGSCQTGDCGGVLQCTGWGKPPNTL^AEYALDQFSNLDF 

P93621 FDIS ^DGFNV PMAFNPT — SNGCTRGjLSCTADIVGECPAALKTTGGCNNPCTVFKTDEY 

004708 IDISLVOGFNIPMDFS GC-RGIQCS VDINGQCPSELKAPGGCNNPCTVFKTNEY 

P25096 FDISLVDGFNVPMDFSPT--5NGCTRGXSCTADINGQCPSELKTQGGCNNPCTVFKTDQY 

PR5-lsun FDISLVDGFNVPMVF RPrJ--5NGCTRGISCTADINGQCPGEIjRAPGGCNNPCTVYKTDQY 

Q01591 WDISLVCGFNIPMTFAPTNfSGGKCHAIHCTANINGECPGSLRVPGGCNNPCTTFGGQQY 

P50701 WDIStiVDGFNI PMTFAPTNPSGGKCHAIHCTANINGECPGSLRVPGGCNNPCTTFGGQQY 

P93621 CCN5G— SCNATTYSEFr K'CRCPDAYSYPKDDQTSTFTCPAG-TNYEVIFCP 

004708 C C T " G V G £ C G P TT YS K 7 r K C V 0 A. Y 3 Y ?Q D DKT S L FTC PSG - TN YKVTFC P 

P25096 GCI-TcG $ CG ?T YS H.F FKQ RC !> A7 J YPKD D ? P STFTCNGG- TO YRWFCP 

PR5-lsun CCNSG— NCGPTDLSRFr A'TRCPDAi:'3YPKDD?TSTFTCPGG-TNYDVIFCP 

Q01591 CCTQG— PCGPTDLSRF FKQRCPDAYSYPQDDPTSTFI'CPSGSTNYRWFCPNGVTSPNF 

P50701 CCTQG — ?CGPTDLSRFFKQRCFr3AYSYPCDDPTSTFTCPSGSTNYRWFCPNGVTSPNF 



P93621 

004708 

P25096 

PR5-lsun 

QO 1 5 9 1 PL £*/:? ?L : "OEEAr'.' 

P50701 PT.jEXr.-.rDE'SA:" 



FIGURE 2 
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CLUSTAL W (1.7) multiple sequence alignr/sn- 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



-MENKT ? I FFS LSI FLS LLNCALGG — ND — LLSCLTFNGVRNHTV FSADS 

MMCRSLTLRFFLFIVL LQTCVRGGDVNDNLLSSCLNSHGVHNFTT LSTDT 

METSILTLXLLLLS TQSSATSRSITDR-FIQCLHDRADPSFPITGEVYTPG 

MQTSILTLLLLLLS TQS S AT SRS I T DR- FIQCLHDRADPS FP I TGEVYTPG 

--MNNSRSVFLLVLALSFCVSFGALSSIFDVTSTSEDFITCLQSNSNNVTTISQLVFTPA 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



DSDFNRFLKLSIQNPLFQNSLISKPSAIILPGSKEELSNTIRCIRKGSWTIRLRSGGHSY 
NSDYFiCLLHASMQNPLFAKPTVSKPSFIVMPGSKEELSSTVHCCTRESWriRLRSGGHSy 
NSSFPTVLC-Nyi'RNLRFNETTTPKPFLIITAEKVSHIQAAWCGKONRLLLKTRSGGHDY 
NSSFPT\^rNYIRNLRFNETTT?K?FLIITAEHVSHIQAAVVCGKQNRLLLKTRSGGHDY 
NTSYiPl tfQA^uPIRFUKcri ; I'KV S v I V Y PT DET Q I QT ALLCAKKH G YE FRI RDGGH D F 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



EGLSYIS3T — FFILIDLMKLNRVSiDLESETAWVESGSTLGELYYAITESSSKLGFTAG 
EGL£iTAO\"--FFVIVDMMNLNRISIDVLSEl , AKVESGATLGELYYAIAQSTDTLGFTAG 
EGLSYLTaTNQPFFIVDMFNLRSI^VCIEUETAWVQAGATLGEVYYRIAEKSNKHGFPAG 
EGLS YLT S TwOPFF I VDMFNLRS I K 1 E IEQEYAWVQAGATLGEVY YRIAEKSNKHGFPAG 
EGNS't T A3A- - PFVKLDLVNMRAi £ I « VENRT ALVQGGALLGELY YTI SQKTDTLYFPAG 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



WC P TVC- 1 GG hi 3G GG F Gi-lMS RK.Y G LAADN V V DA I LI DANGAI LDRQAMGEDVFWAI RGGG 
WCP T v G S GG H I SGGG t G MM S RKYG LAADM' WDAI LIDS NGAI L DREKMGDD VFWAI RGGG 

VCPT7GVG.,KF3GGGYGNLMRKYGLS^ 

VCPTVG v Gv' ;- FSGGGY GHL^Y >: Y- ' L VQLl I VDAOI IDVNGKLLDRKSMGEDLFWAITGGG 
I SAG v'G v 3 or l.SGGG 'i GHL.j/. ^ i Y .-.G/^T /LDI RFi4DVNGNILDRKSMGEDLFWALRGGG 



GGWGA:/5AWKIKLLFVPEKVTVfRVTKKVAIUEATSLLHKWQFVAEELEED FT 

GGWGA I Y AWKT KLL F VP E KLT VF KV T rCN V G I E DAS S LLHKWQ YVADELDED FT 

G VS ?G V ■/ iVi YI-C 1 2CL VRV? E V V T 7F T X ER -RS EQNIiST 1" AERWVQVADKLDRDLFL— RMT 
GVS JG V v'lA^r K I KLVRVF EVVTVFT I ER -RE EQNLST i* AERWVQVADKLDRDLFL— RMT 
A S S FG I VLQKKL N L V F V P ERV T L ? o VS Y - T LEQGAT D I FH KYQ YVL PKFDRDLLI RVQLN 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



LSVLGGAi"- r> KQV"rtLTMLGEHFGI:KTVAK?TFDLLFPELGLVEEDYLEMSWGESFAYLAG 
VS VLGG VIn (j •- K'uA?Ji--MFLC I K LGr .r XAAKT 1 1 DEKFPELGLVDKEFQEMSWGESMAFLSG 
FS VI 1 1 E TN t : .'T VRiLI FF 'i L Y L T-IT S ?J7 LVTLLNKDFPELGLQES DCTEMSWVESVLY YTG 

F5v;;;yy^:g :r:rvRA:FP:LY^ 

T E Y I GN T TO - KT VRI L b" H G I Y QG W I DT LL P LLNQS FPSLN VT RE VCQEVRMVQTTLE FGG 



P30986 

P93479 

Sunf-19 

Sunf-15 

BBE 



LE'I ' i J .'.IinRFLKFOERA — FKTKVOLYKr^rLPSKAFYGLLERLSKEPN-GFIALNGFGG 

f p s o .r r r y . /j5 rt f q rln p fk y k s c y vqn f i s krqfe f i fe rmk elen-qmlafnp ygg 

F ? ^ G Y J "T YAY Y 5 R Y PQRL N P Fr.' I KY' £ Y V£>i F I o XRQFE F I FE FXK ELEN-QMLAFNPYGG 
FNISTF TSVL/iHRSAIPKLSFKGKSD YVFvT PI PP.SGLRKLWRKMFENDNSQTLFMYTFGG 
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P3098 6 QMS K I S S D FT F F ? H RS G T RLMV E Y I VAWNQS EQKX — ^KTEFLDWLE KVYE FMKP FVS KN 

P93479 KMSE I ST DFT P FPHRKGTKLMFE Y 1 I AWNQDEESK IGEFSEWLAKFYDYLEPFVSKE 

Sunf-19 RKSE:.:;T"A^F: r PKRSGNIAKIQY7VWWirjL3[)EA ENRYLNFTRLMYDYMTPEVSKN 

Sunf-15 RMSE I SFFAKr ? ? H RSGM I AK I Q Y EVNW £ £ S L S DE A E N T R Y LN FT RLM YD YMT P FVSKN 

BBE KMEEY £ r : A'l F Y PHRAGVLYQVFK R VPFVCQPS C KTLIS LRRLAWLRSFDKTLEP YVTSN 

P30986 PRLGYVNHID1DLGGIDWGNKTWNNAIEISRSWGESYF-LSNYERLIRAKTLIDPNNVF 

P9347 9 PRVGYV^:-!IDI.DIGGIDWRNKSSTTNAVEIARNWGERYF-SSNYERLVKAKTLIDPNNVF 

Sunf-19 PRE AFL uY RDL D I G - 1 N T £ KGR N A Y T F GMV YG H KYFKE TN YKR L VS VKTKVDPDNFF 

Sunf-15 P RKA F L N? Y R f> L C I G - 1 N S H G R - MAYT£GMVYGHKYFKETNYKRLVSVKTKVDPDNFF 

BBE PREAYKJTYNTI 3LG— FDS A A Y £ • i A S E WG E R Y WKRE N FfC< L I R I KAKV D PE N FF 

: » «• # . * * . +...+. + . . + * . * ^ * 

P30986 NHPQSIPPMANFD — YLEKTLG5DGGEVVI 

P93479 N H PQ S> I F t- M Yi K t E £ I YM L K E L 

Sunf-19 RH£w:: I . : "'^i^ 

Sunf-15 Ri-j£0;-:.r::L3.; 

BBE RHrQ3:.r : -'F£r PLSDM 
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CLUSTAL W (1.7) multiple sequence alignment 



P30230 !i2;<rAS 1 1 VLLFVALVVF A/iFEEPT^/EAQKLCQRPSGTWSGVCGNNNACKNQCIRLEKA 

P30231 QKLCERPSGTWSGVCGNNNACKNQCINLEKA 

P30224 MAKSATIVTLFFAALVFFAALEAPMWEAQKLCERPSGTWSGVCGNSNACKNQCIMLEKA 

defensin MAX I S VA ?NAFLLL L FVLA I S E I GS VKG — E LCEKASQTWS GTCGKTKHCD DQCKSWEGA 

Q01 7 8 4 MEKKS LAALS FLLLLVLFVAQE I WTEA- - NTCEHLADT YRGVCFTNASCDDHCKNKAHL 

P30230 RHGSCN WFPAKKCIC Y F PC 

P 3 0 2 3 1 RKG S C N Y V FF AHKC ICYFPC 

P30224 PJiGSCNYVFPAHKC ICYFPC 

defensin AilGACHVRDGKHMCFCYFNCSKAQKLAQDKLRAEELAKEKIEPEKATAKP 

Q01784 ISGTCHD WKCFCTQNC 
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" ' SEQUENCE LISTING 

<110> Bidney, Dennis L. 

Crasta, Oswald R. 

Duvick, Jon 

Hu, Xu 

Lu, Guihua 

<120> Sunflower Ant i-?athocenic Proteins and 
Genes and their Uses 

<130> 5718-90-i 

<150> 60/140, 646 
<151> 1999-06-23 

<150> 60/162, 90'1 
<151> 1999-li-Cl 

<160> 41 

<170> Fast SEQ for Windows Version 3.0 

<210> 1 
<211> 222 
<212> PRT 

<213> Heliar.thus annuus 
<400> 1 

Met Thr Thr Ser ^'hr leu Pro Thr Phe Lea Leu Leu Ala He Leu Phe 

1 5 10 15 

His Tyr Thr Asn Ala Ala Val Phe Thr lie Arg Asn Asn Cys Pro Tyr 

21 25 30 

Thr Val Tro Ala Glv Als Val Pro Giy Gly Gly Arg Gin Leu Asn Ser 

35" 40 45 

Gly Gin Thr Trp Ser Leu Thr Val Ala Ala Gly Thr Ala Gly Ala Arg 

50 55 60 

lie Trp Pro Ara Thr Asn Cvs Asn Phe Asp Gly Ser Gly Arg Gly Arg 
65 " 70 " 75 80 

Cys Gin Thr Glv ^r> Cvs Asn Gly Leu Leu Gin Cys Gin Asn Tyr Gly 



3 



90 95 



Thr Pro Pro Asn *rhr Leu Ala Glu Zvr Ais Leu Asn Gin Phe Asn Asn 

100 ijs no 

Leu Asp Phe Phe A~- He Ser Leu Val As? Gly Phe Asn Val Pro Met 

115 120 125 

Val Phe Arg Pro A>;r. Ser Asn Giy Cys Thr Arc Gly He Ser Cys Thr 

130 135 140 

Ala Asp He Asn Gly Gin Cys Pro Gly Glu Lea Arg Ala Pro Gly Gly 
145 150 155 160 

Cys Asn Asn Pro Cys Thr Val Tyr Lys Thr Asp Gin Tyr Cys Cys Asn 

:65 170 175 

Ser Gly Asn Cys Giy Pro Thr Asp Leu Ser Arg Phe Phe Lys Thr Arg 

180 155 190 

Cys Pro Asp Ala Tvr Ser Tyr Pro Lys Asp Asp Pro Thr Ser Thr Phe 

195 200 205 

Thr Cys Pro Glv Glv Thr Asn Tyr A:;o Val He Phe Cys Pro 
210 " 215 220 

<210> 2 
<211> 542 



1 
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<212> PRT 

<213> Helianthus annuus 



<400> 


2 










ncu ASn nsn 






Ser 


Val 


Phe 


1 




5 








Cys Val Ser 


Phe 


Gly 


Ala 


Leu 


Ser 




20 










Ser Glu Asp 


Phe 


He 


Thr 


Cys 


Leu 


35 










40 


Thr lie Ser 


Gin 


Leu 


Val 


Phe 


Thr 


50 








55 




lie Trp Gin 


Ala 


Ala 


Ala 


Asp 


Pro 


65 






70 






Pi?r> Lv^ Pro 


Ser 


Va I 
35 


He 


Val 


Thr 


Thr Ala Leu 


Leu 


Cys 


Aia 


Lys 


Lys 




100 










Asp Gly Gly 


His 


Asp 


Phe 


Glu 


Gly 


115 










120 


Phe Val Met 


Leu 


Asp 


Leu 


Val 


Asn 


130 








135 




Glu Asn Arg 


Thr 


Ala 


Leu 


Val 


Gin 


145 






150 






Tyr Tyr Thr 


He 


Ser 

ICS 


Gin 


Lys 


Thr 


He Trp Ala 


Gly 


val 


G.ly 


Val 


Ser 




180 










Gly Asn Leu 


Leu 


?.r z 


Lys 


Tyr 


Gly 


195 










200 


He Arg Phe 


Met 


Asp 


Val 


Asn 


Gly 


210 








215 




Gly Glu Asp 


Leu 


Phe 


Trp 


Ala 


Leu 


225 






230 






Gly He Val 


Leu 


Gin 


Trp 


Lys 


Leu 






245 








Val Thr Leu 


Phe 


Ser 


Val 


Ser 


Tyr 




260 










He Phe His 


Lys 


Tyr 


Gin 


Tyr 


Val 


275 










280 


Leu He Arg 


Val 


Gin 


Leu 


Asn 


Thr 


290 








295 




Lys Thr Val 


Arg 


He 


Leu 


Phe 


His 


305 






310 






Thr Leu Leu 


Pre 


Leu 


Leu 


Asn 


Gin 






325 








Arg Glu Val 


Cys 


Gin 


Glu 


Val 


Arg 




340 










Gly Gly Phe 


Asn 


He 


Ser 


Thr 


Pro 


355 










360 


Ala He Pro 


Lys 


Leu 


Ser 


Phe 


Lys 


370 








375 




Pro He Pro 


Arg 


Ser 


Gly 


Leu 


Arg 


385 






390 






Asn Asp Asn 


Ser 


Gin 


Tnr 


L,VJ 


Phe 














Glu Glu Tyr 


Ser 


Asp 




Ala 


He 




420 










Leu Tyr Gin 


Val 


?he 


Lys 


Arg 


Val 


435 










440 


Lys Thr L u 


lie 


Ser 


Leu 


Arg 


Arg 



Leu 


Leu 


Val 


Leu 


Ala 


Leu 


Ser 


Phe 




10 










15 




Ser 


He 


Phe 


Asp 


Val 


Thr 


Ser 


Thr 


25 










30 






Gin 


Ser 


Asn 


Ser 


Asn 


Asn 


Val 


Thr 










4 5 








Pro 


Ale 


Asn 


Thr 


Ser 


Tyr 


He 


Pro 








60 










He 


Arg 


Phe 


Asn 


Lys 


Ser 


Tyr 


He 






75 










80 


Pro 


Thr 


Asp 


Glu 


Thr 


Gin 


He 


Gin 




90 










95 




His 


Giy 


Tyr 


Glu 


Phe 


Arg 


He 


Arg 


105 










110 






Asn 


Ser 


Tyr 


Thr 


Ala 


Asn 


Ala 


Pro 










125 








Met 


Arg 


Ala 


lie 


Glu 


lie 


Asn 


Val 








140 










Gly 


Gly 


Ala 


Leu 


Leu 


Gly 


Glu 


Leu 






155 










160 


Asp 


Thr 


Leu 


Tyr 


Phe 


Pro 


Ala 


Gly 


170 










175 




Gly 


Phe 


Leu 


Ser 


Gly 


Gly 


Gly 


Tyr 


195 










190 






Leu 


Gly Ala 


Asp Asn 


Val 


Leu 


Asp 










205 








Asp. 


lie 


Leu 


Asp Arg 


Lys 


Ser 


Met 








220 










Arg 


Gly Gly Gly 


Ala 


Ser 


Ser 


Phe 






235 










240 


Asn 


Leu 


Val 


Pro 


Val 


Pro 


Glu 


Arg 




250 










255 




Thr 


Leu 


Glu 


Gin 


Gly Ala 


Thr 


Asp 


265 










270 






Leu 


Pro 


Lys 


Phe 


Asp 


Arg Asp 


Leu 










285 








Glu 


Tyr 


He 


Giy Asn 


Thr 


Thr 


Gin 








300 










G.ly 


lie 


Tyr 


Gin 


Gly Asn 


lie 


Asp 




315 










320 


Ser 


Phe 


Pro 


Glu 


Leu 


Asn 


Val 


Thr 




330 










335 




Met 


Val 


Gin 


Thr 


Thr 


Leu 


Glu 


Phe 


345 










350 






Thr 


S T?r 


Val 


Leu 


Ala 


Asn 


Arg 


Ser 










365 








Gly 


Lys 


Ser 


Asp 


Tyr 


Val 


Arg 


Thr 








380 










Lys 


Leu 


Trp 


Arg 


Lys 


Met 


Phe 


Glu 






395 










400 


Met 


Tyr 


Tnr 


Phe 


Gly 


Gly 


Lys 


Met 




410 










415 




Pro 


Tyr 


Pro 


His 


Arg 


Ala 


Gly 


Val 










430 






Asp 


Phe 


Val 


Asp 


Gin 


Pro 


Ser 


Asp 










445 








L 211 


Ala 


Trp 


Leu Arg 


Ser 


Phe 


Asp 



2 
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450 _ 455 460 

Lys Thr Leu Glu Pre Ty: Val Thr Ser Asr. Pro Arg Glu Ala Tyr -Met 
465 470 475 480 

Asn Tyr Asn Asp Leu Asp Lea Gly Phs Asp Ser Ala Ala Tyr Glu Glu 

485 490 495 

Ala Ser Glu Trp Gly Glu Arg Tyr Trp Lys Arg Glu Asn Phe Lys Lys 

500 5C5 510 

Leu lie Arg lie Lys Ala Lys Val Aso Pro Glu Asn Phe Phe Arg His 

515 520 525 

Pro Gin Ser lie Pro Val Phe Ser Arg Pro Leu Ser Asp Met 
530 535 540 

<210> 3 
<211> 108 
<212> PRT 

<213> Heliantbus annuus 
<400> 3 

Met Ala Lys lie Ser Val Ala Phe Asn Ala Phe Leu Leu Leu Leu Phe 

15 10 15 

Val Leu Ala lie S«r Glu He Gly Ser Val Lys Gly Glu Leu Cys Glu 

20 25 30 

Lys Ala Ser Gin Thr Trp Ser Gly Thr Cys Gly Lys Thr Lys Kis Cys 

35 40 45 

Asp Asp Gin Cys Lys Ser Trp Glu Gly Ala Ala His Gly Ala Cys His 

50 55 60 

Val Arg Asp Gly lys KLs Met Cys Phe Cys Tyr Phe Asn Cys Ser Lys 
65 ' 70 ' 75 " 80 

Ala Gin Lys Leu : : e r V".r. Asp Lys Leu Arg £.\a Glu Glu Leu Ala Lys 

8 90 95 
Glu Lys He Glu ?.-o G„u Lys Ala Thr Ala Lys Pro 
100 105 

<210> A 
<211> 875 
<212> DNA 

<213> Helianthus annuus 
<400> 4 

atgacaacct ccacccttcc cactttcctt ctcttggcta tr.ctttt,tca ctataccaat 60 

gcagccgtgt tcactattcg aaacaactgt ccatacaccg tttgggctgg tgcggtgcct 120 

gStggcggcc gacaa-- fctaa otcaggccaa -.cc-ggxcct tiaaccgtcgc agctggcaca 180 

gcaggagccc gtatazggcc ccgaaccaat -gcaaccttg atggttctgg gcgaggcagg 240 

tgtcagaccg gtgat-gcaa cggtctcctc caacgccaaa actatggtac cccacccaac 300 

acattggccg agtacgcttt gaaccagttc aacaatcttg atttctttga catttctctt 360 

gtggacggat teaatetgee gatggtgttt agacccaatt ctaatgggtg cacccggggt 420 

atctcatgta ctgeggatat caatggccag cgtcctggtg agttacgggc tcctggcggg 480 

tgeaataace cttgcaccgt gtacaaaact gatcagtatt gttgeaaetc tggaaattgt 540 

ggaccaactg atttatcaac gtttttcaag accagatgtc ctgatgeata tagttatccc 600 

aaggatgatc caactagrac atttacgtgc cccggtggaa ccaactacga cgttatattc 660 

tgeccttgat caaagecatt tgattatatg atcaaattaa aaggagttcg aaatataaga 720 

actgaaataa atggagtgaa -caagtaatgg agatagtcta attataaggc ttcttcctca 780 

ttgtaataca at aatctt-71 a?tttgtcaa aataaatrrga tggatatata tgattaatta 840 

ttaggaaaaa aaaaa.esasa 5 n a aaaaaa aaaaa 875 



<210> 5 
<211> 180= 
<212> DNA 

<213> Hel i. *v.xc:is gnnuus 



<400> 5 
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aaaacatgaa 

catttggagc 

gtctccaatc 

acacttctta 

acattccgaa 

ttttatgcgc 

agggcaactc 

ctatagagat 

agctctacta 

ccggtgtggg 

acgggcttgg 

ttgataggaa 

gtttcggaat 

ttttcagtgt 

acgtgttacc 

taggcaacac 

ttgacacact 

tctgccaaga 

ccccgacatc 

ctgactatgt 

ttgaaaacga 

actcagatac 

gggtggactt 

ggctccgaag 

atatgaacta 

aatggggaga 

aagttgatcc 

tctcagatat 

aattattaat 

atttaaactt 

aaaaaaaaa 



taactcrcgt 
at tgt cue cc 
caattc :aac 
catacccatt 
accatcagtc 
caagaaacac 
atacaccgcg 
caacgttgaa 
cactatttct 
tgttagcggg 
tgccgataat 
atcgatgggc 
tgttctccag 
gacttrita^t: 
gaa-stttcat; 
cactc=sgaaa 
gcttccgttg 
agtacgaatg 
ggttctsgcg 
ccga= ct cca 
caactcacag 
agcaattccg 
cgtggatcag 
ctttgata ag 
caat gatctt 
aaggtattgg 
gaa3 3 = tttr- 
=5 a 

taaagrrtr.qa 



tcagtgttcc 
attctcgatg 
aatgtcacca 
tggcaagctg 
ategttaetc 
ggatatgagt 
aacgctccgt 
aaccggaccg 
cagaaaaegg 
tttttgagcg 
gttttggata 
gaagatttgt 
tggaagctca 
cf/gagcaag 
cctgatttac 
acegtacgaa 
ttgaaccaaa 
gtccagacta 
aaccgatcag 
3 ttccrcagaa 
actctcttca 
tatccccata 
ccttcggaca 
actttggagc 
g^tttgggtt 
aaaagggaga 
tttagacacc 
evt^tttggat 
aastcgatta 
ataaactttt 



tcttagttc: 

ttactccaac 

ccatcrctca 

cagccgaccc 

ccaccgatga 

ttaggatccg 

ttgtcatgct 

cgctggtcca 

acaccttgta 

gtggtgggta 

tzcgtttcat 

tttgggcgct 

atttggttcc 

gggcgacgga 

tcstcagagt 

tattgtttca 

gtttc~caga 

cccttgagtt 

caatccccaa 

gcgggctaag 

tgtacacstt 

gagctggggt 

agaccttgat 

cgtacgtgac 

ttgatagtgc 

actttaagaa 

c i /rar.agt 

cr^rTtcttt 

ctt.ttgtgrt 

a 3 tea a 5 act 



cgctctttca 
ttccgaagat 
actegtttte 
tatteggtte 
aacacagatc 
agacggtggt 
tgatctcgtc 
gggtggcgct 
ttttcctget 
tggaaacctg 
ggatgttaat 
tcgtggcggt 
gg-gectgaa 
cattttccat 
tcagcttaac 
eggtatttat 
gctcaatgtg 
tggaggcttt 
gctgagcttc 
aaagctctgg 
tggtgggaag 
gttgtaccaa 
at cactcaga 
gagtaacccg 
tgcatatgaa 
gttgatccga 
aceggtttte 
ttcttgagta 
tggtgccttg 
attatgtatt 



ttttgtgttt 
ttcataacct 
accccggcca 
aacaaatcct 
caaaccgctc 
catgacttcg 
aacatgaggg 
ttgcttggtg 
ggtatttggg 
ttgaggaaat 
ggaaacattc 
ggtgcttcca 
agagttactc 
aaatatcaat 
accgagtata 
caaggcaata 
acacgagaag 
aacatctcta 
aaaggaaaat 
agaaagatgt 
atggaggagt 
gtgttcaaga 
eggttagett 
agggaggegt 
gaagcaagtg 
atcaaggcta 
tcaagacctc 
tattggtaat 
tgtaccaatt 
taaaaaaaaa 



60 
420 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1809 



<210> 6 
<211> 56? 
<212> DN* 

<213> He.Uanthus annuus 



<400> 6 

teggcttgag ctt«cctta attcagtaac ttaaaaatgg ccaaaatttc 

aatgetttte ttctacttct ctttgttctt gctatctcag aaateggate 

gaattatgtg aoaaa^eg — agacatgg cccgaaacat grggcaagac 

gatgaccagt gcaa^cttg gragggtgea -rccea^.ggag c-tgtcacgt 

aaacacatgt gcrtctoota cttcaactgt tccaaagccc agaagttggc 

etcagagegg aagaoc^ege c&aggagaag attgaacccg aaaaggegae 

tgagtatgta gcaaatatca tacgattatg aataaagaga aaatgettte 

attcagcatt ttcttcrtgtg taatgtttgt tgtatttgga aattggaatc 

ttatgattcc atgcaaaatg ttctaatgaa atgatattta aattaaaaaa 

aaaaaaaaaa aaaaaaaaaa aaaaa 



agttgctttc 
ggtgaaagga 
aaaacactgt 
gcgcgatggg 
tcaggataaa 
agccaaacct 
tacttggcat 
agttgcttca 
aaaaaaaaaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
565 



<210> 7 
<211> 550 
<212> DMA 

<213> Heliar.rlius annuus 



<400> / 
aaaactgcgt ttt 
agataatcac ttt 
ttaaataacc actt 



-^gtaggta jata :"t caaaactgeg ttttgaaggc 
~l aV~at*tttt :aga:ta-tt a-gttttaca aacgeaatae 
ar g-aatcccaa aea—t-tt agtgtataaa aaacctgaaa 



ttaaataacc act-: . ■■j.?*.<=>^ - * a -„ a ^^ftfata 

ttaatttata ca-a-.v-aaa ataacaaatt aaaagcataa acaaaaa-.ga ..aattttata 

aaSataSc a^accaagt acaagaataa ga«a,a«t ^-"ttata ^"actaa 

atacaaagat a.aa^acaa aaaagagtaa actaaaataa y;tataacaa atgtgttgtt 



60 
120 
180 
240 
300 
360 
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aactgtatag ttatgat 
gaatacattt gaaattr 
cggcctatat aaaccac 
tccacccttc 



-i;t atctactaca gaacaattcc acctaaccat tttgttcaat 
caa tgaartgtata tctttctaaa tattgtacgt atagcatgtt 
c;c.c::tcact tcc = 



>atr;:3u 



cceaaaccac aatgacaacc 



<210> 8 
<211> 351 
<212> DNA 

<213> Helianthus anr.uus 



<400> 8 

tgttcaaaaa agcaccrtca aactgactaa tatfccgaatc tagtcgtgac cgctgcctag 

acaaaaaaaa aar.atcaaga agatacagaa aattatttgc 

:ar:c=.2cgg cratttacrrc ataeatttga tggctgtttc 

r ^, a ^ tgtc t tT - : t^t^a aaaggttgtt ttagtaattt 

t -r.tccttat tt rttct : tcgccttcgg gttcatctta 

aciaaiagac tcaccaaacc aacaaaacat g 



tgecaaatta ctaaagca:^ 
gcgttgtgac ttctgrrttg 
ggtgtaaaca taag~"ar=g 
cccaaaaaaa catcc: :.~ : t :: 
tataaatagg cgcatt aaar. 



<210> 9 

<211> 1346 

<212> Dt>*A 

<213> Heiirj 



420 
480 
540 
550 



60 
120 
180 
240 
300 
351 



■_r.hu s arviuus 



<400> 
gtacttcgea 
tatttagega 
agcaaccaaa 
acaacgattt 
ttttaacctt 
agaattatat 
actattaagc 
atcagaactc 
tcaagctctt 
tacatgtaaa 
gcgtgcaagt 
atgeaattte 
taacttatga 
aaattttgtg 
tcaacatatt 
aacaagtgtt 
tatgetttte 
acactcactt 
cttcggatga 
aataatgcag 
ttcgtgcaga 
tgtataacgt 
atgtgagaag 



aaar r-^rctg 
ccat :~t g 
ataarr?. -v c 
ttti: r f r.s-= f. 
aatcr: - - ■ - 
gaat a j= 
cctgr 1 7 rr. " 
aaaac: ••: r ::~ 
aa: v ittcac 
a a r t a a c r r i a 
gtatarctts 
aaaaatgece 
aagtt acttg 
gaaa.: tttag 
ttctrct ?t:a 
cttca-crta 
ttccn 

tctg" •■ : c " a 
ca&t"<r: tt 
tcas-aacjeg 
aact ? at cat 
actt aa car. a 
gcaagcraga 



r crtiaaatgt 

tea zraaaatt 
tgaa.agtaat 
Crl etc ttgt 
.it ;'?.g = gtga 
aat t a c gat a 
tgtarctgaa 
qigtttggtt 
ct t tgaggag 
act cacgtgc 
tcrtgaatggt 
taacccacgt 
gatgtataca 
coattttgtg 
a s t acccctc 
qtt cagtaac 
ct ttcttctt 
r r attcagac 
acttaagtag 
cattttataa 
at.t catcaca 
etttaaegtg 
c * r.ct.c 
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Asn 


Gin 


Pro 


Pne 




120 








Asn 


He 


A.sp 


lie 


Glu 


135 










Leu 


Gly 


G^u 


Val 


Tyr 










155 


"he 


Pro 


Ala 


Gly 


Val 



Leu Leu Ser Thr Gin 
15 

Phe He Gin Cys Leu 
30 

Gly Glu Val Tyr Thr 
45 

Asn Tyr He Arg Asn 

60 

Pre Leu He He Thr 
80 

Val Cys Gly Lys Gin 
95 

His Asp Tyr Glu Gly 
110 

Phe He Val A.sp Met 
125 

Gin Glu Thr Aia Trp 
140 

Tyr Arg He Ala Glu 
160 

Cys Pro Thr Val Gly 
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1<S3 170 175 

Val Gly Gly His Pha Ser Gly Giy Giy Tyr Giy Asn Leu Met Arg Lys 

180 185 190 

Tyr Gly Leu Ser Val Asp Asn lie Val Asp Ala Gin lie He Asp Val 

195 200 205 

Asn Gly Lys Leu Leu Asd Arg Lys Ser Met Giy Glu Asp Leu Phe Trp 

210 215 220 

Ala He Thr Gly Gly Gly Gly Val Ser Phe Gly Val Val Leu Ala Tyr 

Lys lie Lys Leu Val Ire Val Pro Glu Val Val Thr Val Phe Thr lie 

2h5 >-3C ^ 55 

Glu Arg Arg Glu G.u Gin Asn Leu Ser Thr He Ala Glu Arg Trp Val 

260 265 *™ 

Gin Val Ala Asp tvs leu Asp Arg Asp Lou ?he Leu Arg Met ihr Phe 

275 230 285 

Ser Val lie Asn Asp Thr Asn Gly Gly Lys Thr Val Arg Ala lie Phe 

290 295 - 500 

Pro Thr Leu Tyr Leu Giv Asn Ser Arg Asn Leu Val Thr Leu Leu Asn 

305 V.'O 215 320 

Lys Asp Phe Pro Glu Leu Gly Leu Gin Glu Ser Asp Cys Thr Glu Met 

-!/5 330 ■ ,35 

Ser Trp Val Glu Ser V,- Leu Tyr Tyr Thr Gly Phe Pro Ser Gly Thr 

-* 40 345 350 

Pro Thr Thr Ala Liu Lsu Ser Arg Thr Pro Gin Arg Leu Asn Pro Phe 

355 360 365 

Lys lie Lys Ser Asp Tvr Val C-ln Asn ?rc lie Ser Lys Arg Gin Phe 

370 ,7 5 380 

Glu Phe lie Phe Glu Arg Leu Lys Glu Leu Glu Asn Gin Met L*u Ala 

385 : ' 95 40 

Phe Asn Pro Tvr Giy Gly Arg Met Ser Glu lie Ser Glu Phe Ala Lys 

' 4)5 410 4 1 5 

Pro Phe Pro His Arg : 5? r C-ly Asn He Ala lys He Gin Tyr Glu Val 

49Q 425 -* 30 

Asn Trp Glu Aso ~..yi 3«r Asp Glu Ala Glu hsn Arg Tyr Leu Asn Phe 

435 " 440 445 

Thr Arg Leu Met Tvr Aao Tyr Met Thr Pro Phe Val Ser Lys Asn Pro 

450 -155 460 

Arg Lys Ala Phe Leu Asn Tyr Arg Asp Leu P.sp He Gly He Asn Ser 
465 ! '"0 475 

His Gly Arg Asn Ala Tyr Thr Glu Giy Met Val Tyr Gly His Lys Tyr 

^5 490 i '"=> 

Phe Lys Glu Thr Asn r-, r Lys Arg Leu Val Ser Val Lys Thr Lys Val 

500 505 510 

Asp Pro Asp Asn 'rhe Phe Arg Asn Glu Gin Ser He Pro Thr Leu Ser 
515 520 525 

Ser 



<210> 19 

<211> 535 

<212> PBT 

<213> Papa^er s.j.nnif erum 

<400> 13 „_ ., , T _„ 

Met Met Cys Arc ;j,r Leu Thr Leu Arg Pjw ?he Leu Phe He .al Leu 

Leu Gin Thr Cys -al Gly Gly Asp vSl Asn A.,o Asn Leu Leu Ser 

20 2 5 30 

Ser Cys Leu Asr. Jer J is Gly Val Mis Asn Fhe Thr Thr Leu Ser Thr 

35 40 45 

Asp Thr Asn Ser :-sp Tyr Phe Lys L«u i,eu His Ala Ser Met 3An Asn 
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50 55 60 

Pro Leu Phe Ala Lvs Pro Thr Val Ser Lys Pro 
65 7 0 75 

Pro Gly Ser Lys Giu Giu Leu Ser Ser Thr Va_ 

Glu Ser Trp Thr lie Arq Leu Arg Ser Gly Gly 

100 ios 
Leu Ser Tyr Thr Ala Asn Thr Pro Phe Val He 

115 120 
Leu Asn Arg lie Sar He Asp Val Leu Ser Glu 

130 135 
Ser Gly Ala Thr Lev Gly Glu Leu Tyr Tyr Ala 
145 150 I- 5 

Asp Thr Leu Gly Pt -: Thr Ala Gly Trp Cys Pro 

I f 5 1 7 C 

Gly His He Ser Gly Gly Gly Phe Gl* Met Met 

180 18= 
Leu Ala Ala Asp Asn Vai Val Asp Ala He Leu 

195 2C0 
Ala He Leu Asp Arg Glu Lys Met Gly Asp Asp 

210 215 
Arg Gly Gly Glv Glv Gly Val Trp Gly Ala He 
225 230 235 

Lys Leu Leu Pro Val Pro Glu Lys Leu Thr Val 

215 259 
Asn Val Gly lie Glu Aso Ala Ser Ser Leu Leu 

2 60 2 65 

Val Ala Asp Glu L - Asp Glu Asp Phe Thr Val 

275 230 
Val Asn Gly Asr, A*o Ala Trp Leu -. Phe .--eu 

290 295 
Arg Lys Asp Ala Al 3 l.ys Thr .:.e He Asp Glu 
305 35 
Glv Leu Val Aso Lvs Glu Phe Gin Glu Met Ser 

" 325 330 
Ala Phe Leu Ser Gly L-u Asp Thr He Ser G.'.u 

340 345 
Leu Lys Phe Asp Glu Arg Ala Phe Lys Thr Lys 

355 360 
Val Ser Val Pro Lsu Asn Val Phe A;:? His Ala 

370 27 5 

Glu Gin Pro Glv G v Phe He Ala Leu Asn r-y 
385 " 390 395 

Ser Glu He Ser Thr A*p ?ha Thr Pio Phe Pro 

4 05 410 
Lys Leu Met Phe Glu Tyr He He Ala Trp Asn 

420 4 25 
Lys He Gly Glu "he .er Glu Trp Leu Ala Lys 

435 "0 
Glu Pro Phe Val Ser Lys Glu Pro Arg Val bly 

450 455 
Asp Leu Asp He Gly Gly He Asp Trp Arg Asn 
465 475 
Asn Ala Val Glu He Ala Arg Asn Trp Gly Giu 

- :5 -"- C '° 
Asn Tyr Glu Ara V;il Lys Ala Lys Thr L-u 

500 V55 
Val Phe Asn His V.-o Gin Ser He Pro ?ro Met 

515 520 
He Tyr Met lou l^s G_u Leu 
530 535 
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lie" 


Val 


Met 
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Arg 
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Glu 
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Met 
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Trp 
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Gly 


Ser 
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17 5 
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Gly 
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Asp 


Ser 
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Gly 




205 








Val 


Phe 


Trp 


Ala 


He 


220 










Tyr 
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Trp 
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Phe 


Arg 


Val 
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Lys 
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His 


Lys 


Trp 


Gin 


Tyr 






270 






Ser 


Val 


Leu 


Gly 


Gly 
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Leu 


His 


Leu Gly 


300 
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Phe 


Pro 


Giu 


Leu 
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T rp 
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Glu 
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Phe 






350 
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Phe 


Thr 


Lys 




365 
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Ser 


330 
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Gly 
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Met 
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Arg 
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Thr 








415 
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Asp 


Glu 


Glu 


Ser 
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Asp 


Tyr 


Leu 




445 








Tyr 


Val 


Asn 


Kis 


He 


4 60 
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Glu 
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<210> 
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<211> 
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<212> 


PRT 
































<213> 
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He 
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1 
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10 










15 




Leu 


Leu 
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Cys 
20 


Al 




Le 


, 1 


Glv 


Gly 


Asr. 
25 


Asp 


Leu 


Leu 


Ser 


Cys 
30 


Leu 


Thr 


Phe 


Asn 


Gly 
35 


Val 


A.-. 




As 
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Thr 
4 0 


Val 


F h e 


Ser 


Ala 


Asp 
45 


Ser 


Asp 
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Le 
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Leu 


Ser 
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Pro 


Leu 


Phe 


Gin 


50 














55 
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Leu 


11* 


Se 




L v 
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Ser 
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lie 


1 1 e 


Leu 
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Gly 


Ser 
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65 
























7 5 










80 




Glu 


Leu 


Ser 






T'r. 




lie 


Arg 


Cys 


I ie 


Arg 


Lys 


Gly 


Ser 


Trp 


Thr 








3 5 












90 










95 




lie 


Arg 


Leu 


A::g 


C 2 




/*■ i 




Gly 


His 


Ser- 


Tyr 


Glu 


Gly 


Leu 


Ser 


Tyr 
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100 
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110 






Ser 


Asp 


Thr 


Pro 


Ph 
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Asp 
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Met 
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Leu 
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Arg 
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115 














1.20 
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Glu 






Glu 
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Val 


Glu 


Ser 
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Ser 
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130 












:35 










14 0 








Gly 
160 


Leu 
145 


Gly Glu 
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T v 




1' "/ 


0 


Ala 


lie 
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Ser 

15 5 


Ser 
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- y 
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V = 1 


Gly 
I 0 
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lie 
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~i 8 j 


Gl 
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• **e 




Met. 
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1 ft b 
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Gly 
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190 
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Asp 










Leu 


lie 
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Asp 






195 














200 










205 






Gly 


Arg 


Gin 


Ala 


Met 


Gl 
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Val 


Ph 


Trp 
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Arg 


Gly 


Giy 


210 














215 
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Gly Gly 
225 


Val 
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Gl 
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Al 
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0 


lie 
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235 
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Val 
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v^. 1 
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Val 
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z> 












2.d0 










255 




Asp 


Glu 


Ala 


Thr 
260 










I eu 


His 


Lys 
2 f 5 5 


Trp 


Gin 




Val 


'Ala 
270 


Glu 


Glu 


Leu 


Glu 


Glu 


Asp 


t ' 




.-y»v 


,r 


Leu 


Ser 


Val 


L<2 a 


Gly Gly 


Ala 


Asp 


Gin 


Lys 






275 














2S0 










2S5 






Val 


Gin 


Val 


Trp 


Leu 






We 


. r 


Leu 


Gly 


?he 


His 


Phe 


Giy 


Leu 


Lys 


Thr 




290 












2 95 










300 








Glu 
320 


Ala 
305 


Lys 


Ser 


Thr 


Ph 




A."p 
310 


Leu 


Leu 


Ph e 


Pro 


Glu 
315 


Leu 


Gly 


Leu 


Val 


Glu 


Asp 


Tyr 


Leu 


G i 




Me 


rt 


Ser 


Trp 


Gly 


(j±U 


Ser 


Phe 


Ala 


Tyr 


Leu 


Ala 






3 2 


5 












330 










335 




Gly 


Leu 


Glu 


Thr 
340 


V-i: 


.X 






Gin 


Leu 


Asn 
345 


Asn 


Arg 


phe 


Leu 


Lys 
350 


Phe 


Asp 


Glu Arg Ala 


Phe 




5 


T v 


.r 


Lys 


Val 


Asp 


Lsu 


Tcr 


L Y 3 


Glu 


Pro 


Leu 


Pro 






355 














360 










365 






Asn 


Ser 


Lys 
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Phe 






G- 


y 


Leu 


Leu 


Gl J 


Arg 


Leu 


i?e r 


Lys 


Glu 


Pro 




370 














3*7 5 










330 






lie 


Ser 
400 


Gly 
385 


Phe 


lie 


Ala 




:U 


n 


Gly 


?he 


Gly 
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G I.n 
395 


Mec 


Ser 


Lys 


Ser Asp 


Phe 


T nr 


; .o 

V)5 
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His 


Arg 


5er 
•i 10 


Gly 


r 


Arg 


Leu 


Mec 
415 


Val 


Glu 
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He 
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420 




.a 




"P 
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Ser 


Glu 


Gin 


Lys 


Lys 


Lys 
130 


Thr 


Glu 
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Phe Leu Asp. -Trp Leu Glu lys Val Tyr Glu Phe Met Lys Pro Phe Val 

435 440 445 

Ser Lys Asn Prj Arc: I.^i Gly Tyr Vai Asn His lie Asp Leu Asp L u 

450 455 460 

Gly Gly He Asr, T- ■« GLv lys Thr < 7 a 1 Vsl Asn Asn Ala lie Glu 

465 * 470 4*75 480 

He Ser Arg Ser Tvo Gly Glu Ser Tyr Phe Lsu Ser Asn Tyr Glu Arg 

4S3 * 490 495 

Leu He Arg Ala Lvs Thr Leu lie Asp Pro Asn Asn Val Phe Asn His 

500 " 535 510 

Pro Gin Ser lie Pro Pro Met Ala Asn Phe Asp Tyr Leu Glu Lys Thr 

515 520 525 

Leu Gly Ser Asp Gly Gly Glu Val Val lie 
530 " 535 

<210> 20 
<211> 542 
<212> t".T 

<2 1 3 > He i i :: • ■;. hu .= annuus 



<400> 2C 



Met Asn 


Asn 


Se r 


r. 




ier 


Val 


Phe 


leu 


leu 


Val 


Leu 


Ala 


Leu 


Ser 


Phe 


1 
















10 










15 




Cys Val 


Ser 


Phe 




I y 


1 3 


leu 


Ser 


Ser 




^he 


Asp 


Val 


Thr 


Ser 


Thr 




20 












25 










30 






Ser Glu 


Asp 


D h e 






".* r r 


Gys 


Leu 


Gin 


Ser 


Asn 


Ser 


Asn 


A.sn 


Val 


Thr 




35 












40 










45 








Thr He 


Ser 


Gin 




ir U 


Veil 


Phe 


Thr 


h ro 


_A1 a 


A.sn 


Thr 


Ser 


Tyr 


He 


Pro 


50 












1 5 










i C 










He Trp 


Gin 


J- « -3 




'.<■ 3 


... a 


Asp 


1 ro 




Arg 


:i"ie 


Ki-n 


Lys 


Ser 


Tyr 


He 


65 






























80 


Pro Lys 


Pro 






. L 




.r-i 


Thr 


P :: O 


'I r:r 
90 


r,?.p 


11 u 


Thr 


Gin 


lie 

9 5 


Gin 


Thr Ala 


Leu 


leu 




T '3 


L\ 1 B. 


Lys 


Lys 


his 


Gly 


lyr 


Glu 


Phe 


Arg 


He 


Arg 






K0 










.1 i* 5 










110 






Asp Gly 


Gly 


His 




■5P 


Phe 


Glu 


Gly 


Asn 


Ser 


Tyr 


Thr 


Ala 


Asn 


Ala 


Pro 




115 












120 










125 








Phe Val 


Met 


leu 


A 


sp 


Leu 


Val 


Asn 


iMet 


Arg 


Ala 


He 


Glu 


He 


Asn 


Val 


130 












135 










140 










Glu Asn 


Arg 


Thr 




la 


L 9 u 


Val 


Gin 


Gly 


Gly 


Ala 


Leu 


Leu 


Gly 


Glu 


Leu 


145 








150 










155 










160 


Tyr Tyr 


Thr 


lie 




~i r 


Gin 


7 -ys 


Thr 


Asp 


T hr 


Leu 


Tyr 


Phe 


Pro 


Ala 


Gly 








35 










1"0 










:/ 7 5 




He Trp 


Ala 


Gly 


V 


dl 


^ - y 


Val 


Ser 


Gly 


Phe 


Leu 


Ser 


Gly Gly 


Gly 


Tyr 




15 0 










v35 










190 






Gly Asn 


Leu 


Leu 




:g 


lys 


Tyr 


Gly 


Leu 


Gly 


Ala 


Asp 


Asn 


Val 


Leu 


Asp 


195 












200 










205 








He Arg 


Phe 


vet 




sp 


Val 


Asn 


Gly 


Asn 


He 


Leu 


Asp 


Arg 


Lys 
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Met 


210 












215 










220 










Gly Glu 


Asp 


Leu 


V- 


he 


Trp 


Ala 


Leu 


Arg 


Gly 


Gly Gly 


Ala 


Ser 


Ser 


Phe 


225 








2 30 










235 










240 


Gly He 


Val 


Leu 


r 


in 


T'rp 


Lys 


Leu 


Asn 


Leu 


Val 


Pro 


Val 


Pro 


Glu 


Arg 






>A5 










250 










2 55 





'-iJ <- - 1 

Val Thr Leu Phe fer V.?.l Ser Tyr Ihr Leu 'Uu Gin Gly -Ala Thr Asp 



260 265 270 

He Phe His Lvs 1 /i Gin Tvr Val leu 'r ro -,ys Pne Asp Arg A.sp Leu 

275 * 260 285 

Leu He Arg ^.1 In leu Asn Thr lb: "yz He lly Asn Thr Tnr Gin 

290 295 3 00 

Lys Thr Val Arc He L?u Phe His Gly He Gyr Gin Gly Asn He Asp 
305 310 315 320 
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Thr Leu 


L u 


Pro 


Leu 


Leu 


Asn 


Gin 


Arg Glu 


Val 


Cys 


32 ;:■ 
Glr 


Glu 


Val 


Arg 






34 0 










Gly Gly 


Phe 


As n 




Ser 


Thr 


Pro 




355 










360 


Ala lie 


Pro 


Lvs 


Leu 


S e r 


Phe 


Lys 


370 
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Arg 
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<210> 2: 

<211> 30 

<212> PRT 

<213> Raphar.us r/at.ivus 

<400> 21 

Met Ala Lys Phe Ala Ssr He He 

1 5 

Val Phe Ala Ala Ft* Glu Glu .Pro 
20 

Cys Gin Arg Pro 5-r Gly Ghr Trp 

35 4 0 

Ala Cys Lys Asn Gin Cvs He Arg 

50 55 

Cys Asn Tyr Val P:ie Pro Ala His 
65 ^0 

<210> 22 

<211> 51 

<212> PPT 

<213> Sinac,s a^ba 

<400> 22 
Gin Lys Leu Cvs -u Arc Fro Ser 

1 'i 
Asn Asn Asn Ala l'/s lys Asn Gin 
:? :) 

His Gly Ser C/s '-.sn • yr Val ?ne 

35 40 
Phe Pro Cys 
50 



Ser 


Phe 


Pro 


Glu 


Leu 


Asn 


Val 


Thr 




330 










335 




Met: 


Val 


g:.- 


Thr 


Thr 


Leu 


Glu 


Phe 


34: 










350 






Thr 


Ser 


Val 


Leu 


Ala 


Asn 


Arg 


Ser 










30*5 








Gly 


Lys 


Ser 


Asp 


Tyr 


Val 


Arg 


Thr 








380 










L\s 


Leu 


Trp 


Arg 


Lys 


Met 


Phe 


Glu 






395 










400 


Met. 


Tyr 


Thr 


Pho 


Gly 


Gly 


Lys 


Met 




410 










4 15 




Pro 


Tyr 


Pro 


His 


A-rg 


Ala 


Gly 


Val 


4.?:- 










4 30 






Asp 


~h r 


Val 


Asp 


Gin 


Pro 




Asp 










445 








L i. J 


Ala 


Trp 


Leu 


Arg 


Sar 


Phe 


Asp 








4 60 










Ssr 


Asn 


Pro 


Arg 


Gl u 


Ala 


Tyr 


Met 
















480 


Fne 


Asp 


Ser 


Ala 


Ala 


Tyr 


Glu 


Glu 




4 90 










495 




Trp 


Lys 


A-:g 


Glu 


Asn 


Phe 


Lys 


Lys 


5C5 










510 






Asp 


Pro 


Glu 


Asn 


Phe 


Phe 


Arg 


His 










525 








^7 


Pro 


Leu 


Ser 


Asp 


Met 












510 










V a 1 


Leu 


Leu 


Phe 


Val 


Ala 


Leu 


Val 




10 










15 




Thr 


Met 


Val 


Glu 


Ala 


Gin 


Lys 


Leu 


2 S 










30 






£ f?r 


Gly 


\al 


Cys 


Gly 


Asn 


Asn 


Asn 










45 








Leu 


Glu 


Lys 


Ala 

60 


Arg 


His 


Gly 


Ser 


Lys 


Cys 


He 


Cys 


Tyr 


Phe 


Pro 


Cys 




5 










80 


Gly 




V rp 


Ger 


Gly Val 


Cys 


Gly 




10 










15 




Cys 


1 ie 




L.3U 


Glu 


Lys 


Ala 


Arg 


25 










30 






Pro 


Ala 


:ils 




Cys 


He 


Cys 


Tyr 



4 5 



WO 00/78983 



PCT/US00/17090 



<210> 23 
<211> 80 
<212> PPT 

<213> A.tabi:5op5.:.s thaliana 



<400> 23 
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<400> 30 

tccgcagtac atgagar_acc: c 21 
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acaatgacaa cctccaccct re react tt 29 
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<213> Artificial Sequence 
<220> 

<223> PGR primer corresponding to vector sequence 
<400> 39 
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<210> 40 
<211> 26 
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<400> 40 

cgaatagtga acacggctgc attggt 26 

<210> 41 
<211> 26 
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<213> Hslianthus annuus 
<400> 4: 

gctgcagctt gc-.;aaatggg ratgta 26 
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